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from LIBRASCOPE 


GUIDANCE COMPUTER 
for NASA’S CENTAUR 


Sometime this year, CENTAUR will be spaceborne. Already, the projected uses of CENTAUR bear 
fascinating implications for the future... placing a satellite in an orbit so exacting that it will remain 
in one spot over the earth’s surface ...soft landings on lunar and planetary bodies...timed launchings 
of several satellites from a single vehicle. Several major guidance functions will be performed in 
CENTAUR by a compact digital computer system from Librascope. It weighs 62 pounds, occupies 
little more than 34, cubic foot. A note to Librascope outlining your control problems will bring a prompt 
answer from the country’s most versatile manufacturer of computer control systems. 


&®> CENERAL 
computer contro/ systems PRE CISION 


that pace man's expanding mind 


LIBRASCOPE DIVISION GENERAL PRECISION INC. GLENDALE 1, CALIFORNIA 
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reject 
ruinous 


common mode noise 


~—~even with 
greatly unbalanced 


To] 0] cexcmm ian) el-ver-]alerse 


KIN TEL’s 114C Differential DC Amplifier eliminates 
ground-loop problems in grounded thermocouple and 
strain-gage measuring systems...gives you extremely 
accurate, stable, drift-free amplification of microvolt 
level signals in the presence of volts of common mode 
noise, irrespective of whether load and transducer are 
grounded or floating, balanced or unbalanced. 
In brief, it is a true differential amplifier — 
ethe input is completely isolated from the output; 
both are completely floating and isolated from 
chassis ground. 
ecommon mode rejection is 180 db at DC, 130 db 
at 60 cps, with up to 1000 ohms unbalance in the 
input circuit. 
For further information on this exceptional amplifier, 
write today for detailed technical information or dem- 


onstration. There are Kin Tel engineering representa- 


tives in all major cities. 


5725 Kearny Villa Road, San Diego 11, California « Phon« 
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BRIEF SPECIFICATIONS 


GAIN 


DRIFT 


INPUT Z 
OUTPUT Z 


COMMON MODE 
REJECTION 


DC LINEARITY 
PRICE 


10, 30, 100, 300, 1000 
(plus vernier), accurate within 
0.5%, stable within 0.02% 


+ 2yv equivalent input 
for 40 hours. 


>30 megs (typically 50 megs) 
<0.25 ohm, DC to 500 cps 


180 db DC; 130 db at 60 cps with 
up to 10002 unbalance, 120 db 
with up to 10,0002 unbalance 


+0.01% of FS (10 volts) 


$1000.00 in 195 cabinet (shown), 
$875.00 without cabinet 


elecorronics,. inc 
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Our business is data acquisition 
and processing 








Astrodata Inc. is a new California corporation, but its people, products and achievements 
are well-known to the Western electronics industry. As Epsco-West, a Division of Epsco, Inc., 
this same group designed and produced over 50 reliable high-speed data systems in just three years. 
Using the same plant Epsco-West formerly occupied, ASTRODATA begins with fully-equipped 


facilities and an engineering team with demonstrated ability to solve your data handling needs. 


Choice of the nnme ASTRODATA reflects the branch of space age technology in which our 
people are well recognized — data control systems and ancillary instrumentation. ASTRODATA 
systems include a complete timing system on the Pacific Missile Range, operational checkout 
system for the Atlas missile at both Vandenberg AFB and Cape Canaveral, a high-speed, 
high-accuracy, data handling system for Bell Labs for use in conjunction with Nike Zeus 
tests at New Mexico’s White Sands Missile Range, an automatic digital temperature recording system 
for monitoring temperatures within an atomic reactor, and a high-speed digital acquisition and 
processing system which speeds space probes at Lockheed’s Missile and Space Division. Standard 
products include a wide range of time code generating, translating and tape searching equipment, 


dual mode amplifiers for low-level commutation and a variety of solid-state, plug-in modules. 


Significantly, ASTRODATA now offers nationwide sales and service. For more information 
concerning the talent and capabilities of our company, write for a copy of 


“This is Astrodata...” to Astrodata, Inc., 240 E. Palais Road, Anaheim, California. 


a) ASTRODATA IWC. 
Successors to Epsco-West 
ANAHEIM, CALIFORNIA 
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Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic control systems 





Control Terminology—A Report on U. S. Standards Activity 


H. L. MASON of the National Bureau of Standards examines all present and tentative 
standards dealing with terms, symbols, and definitions for control, including components 


Controlling a Missile by Swiveling the Rocket Motor 


L. L. MEYER of Chance Vought reveals how his company evolved a variable range, inex 
pensive, solid fuel, surface to surface missile and its unique control system in 182 days. 


Counting on a Magnetic Drum 


M. E. FRANK and S. T. SCHY of TRW Computers show how a computer drum can 
replace ordinary counters in applications needing cross totals of counts and totals sorting. 


User Survey Gives Edge to Electronic Instruments 


M. M. DELANCEY of Du Pont compares installed performance of two similar electronic 
and pneumatic process control systems, finds electronics had less error, less repair cost. 


Data File 52—Graph Finds Temperature-Sensing Bridge Response 
A. BARACZ of Intercontinental Electronics charts bridge unbalance to permit rapid 
evaluation of response of a one and two variable arm bridge working into a matched load. 


The Features of Latest Japanese Numerical Control 


T. KAIWA and S. INABA of Fuji Communication Apparatus describe staircase incre- 
ment linear and circular interpolation; new director; and electrohydraulic pulse motor. 


Evaluation of the Performance of Analytical Instruments 


V. N. SMITH of Shell Development defines error sources and characteristics of stream 
analyzers to permit quantitative determination of their over-all practical performance. 


How to Build a Constant Current Power Supply 


R. D. ECKARD of Lawrence Radiation Lab analyzes a network that can be used to con 
vert a three-phase constant voltage power supply to a three-phase constant current source 


INFORMATION SYSTEMS 


Punched Card Equipment for Medium Size Computers 


CRESAP, McCORMICK and PAGET staff introduces the first of the Computer Equip 
ment Comparison Series, defining and tabulating data on card input and output devices 


Get Maximum Reliability From Digital Magnetic Tape 


K. TAYLOR of Ampex Computer Products improves digital reproduction from magnetic 
tape by overdriving write head, using widest head gap consistent with highest bit rate. 


Continued on next page r 





IDEAS AT WORK 
Counter Watches Out for Transients 


R. N. MICHAEL of GE monitors semiconductor tests for presence, distribution of spikes. 
Cam Valves Align Wheels of Giant Crane 

G. T. HOLEN of Travelift guides a heavy duty crane with inexpensive hydraulic system. 
Eddy Currents Check Tubing On-Line 


H. N: NERWIN of Magnaflux inspects steel tubing continuously, rejects poor sections. 


Dipping Chromatograph Tube Collects Microgram Samples 


R. C. PALMER of Griffin & George injects precise samples directly into capillary tube. 


Controller Combines Electronic Sensing with Pneumatic Output 
L. R. AXELROD of Powers Regulator works heating, cooling system with hybrid control. 





WHAT’S NEW IN THE CONTROL FIELD 
Newsbreaks 
Adaptive plotter; liquid memory; big British computer; court to rule on NC patent case. 


Heat, Sun, and Stars Point Satellite Payloads 


Vehicle orientation evolves as one of the most ticklish aspects of aerospace control. 


Automatic Teaching Machine Programs Start to Appear 


Survey of subjects that can be learned by machine; they cover computers to chemistry. 


Fiber Optics Promises Radical New Display Gear 


Most exciting development at WESCON wasn’t new at all: fiber optics starts to mature. 
Britain Revives the Airborne Computer 
Hybrid machine operated as DDA and general purpose machine is flight tested in Europe. 


Around the Business Loop 


Semiconductor prices spin; U.S. overseas investment slows; Schlumberger-Daystrom wed. 





Control Personality-JAMES M. SNODGRASS 


Psychologist turned measurement specialist probes what is happening under the oceans. 


Industry's Pulse—Selling Electronics to Industrial Control Users 


A study explains why some electronic makers strike out selling to industrial customers. 
Editorial—Which One of Many 

Selecting best system for a job requires evaluation, which takes training and experience. 
New Product Developments 

Easy to operate analyzer plots system response fast; transducer has 5-volt output. 


Abstracts of Technical Papers 


Development of automatic instrument to quantify haze in automobile glass is described. 


10 Shoptalk 161 Catalogs & Bulletins 184 Meetings Ahead 


14 Feedback 179 New Books 186 Reprints 
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KEY SPECIFICATIONS 


FREQUENCY 
O cps to 100 mc 


TIME INTERVAL 
0.02 usec to 109 sec 


PERIOD 
O cps to 10 mc 


INPUT SENSITIVITY 
1.0v rms 


GATE TIMES (FREQUENCY) 
1 wsec to 10 sec in 8 decade steps or 
external. Reads in cps, kc, mc. 


FREQUENCY OUTPUTS 
0.1 cps to 1 mc output in decade steps 


ACCURACY 
+1 count + stability 
+10 nanosecond + stability 


STABILITY 
Short term: +1 part in 108 
Long term: within 5 parts in i08 


PRICE, F.0.B. FACTORY 
$3,950; inline readout $200 extra 


SOLID STATE 


WEIGHT 25 LBS. 


* SEVEN BASIC FUNCTIONS, including de to 100 mc frequency 
measurements without heterodyning techniques * Time interval meas- 
urements with 10 nanosecond resolution * Straight or totalizing count- 
ing » Frequency ratio measurement * Period measurement * Sensitivity 
better than 1.0v rms « Power consumption 50 watts * Decade count- 
down time base (no adjustments necessary) * Two year free service 
warranty « No vacuum tubes « Connector on rear providing standard 
1-2-4-8 BCD output for operating printer, punch, etc. 


Model 728B is a production unit, not a showpiece 
prototype. Demonstrators are now in the hands of 
CMC engineering reps. Call, wire or write to arrange 
a demonstration. Complete technical data plus a 
copy of our new 20 page short form catalog is yours 
for the asking. 


Measurements 
Company 


12970 BRADLEY AVENUE « SAN FERNANDO, CALIFORNIA 
EMPIRE 7-2161 


HW |S 


CIRCLE 5 ON READER SERVICE CARD 








OTHER PRODUCTS: SYNCHROS RESOLVERS SERVO MOTORS MOTOR GENERATORS 
INTEGRALLY GEARED UNITS INDUCTION GENERATORS DRAG CUP MOTORS 
SYNCHRONOUS _MOTORS PERMANENT MAGNET GENERATORS VELOCITY AND 

INERTIA DAMPED UNITS .. . AND SPECIAL DESIGNS. 


kollsman motor corporation 
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Count different sizes and weights the easy way—with a Veeder-Root High 
Speed Magnetic Counter. Once it was virtually impossible to record things 
both large or tiny, heavy or featherweight with electric counters. Nowa- 
days, Veeder-Root magnetic counters do it at high speed and deliver remote 
readout data for centralized control. Design them into new machines or use 
them on existing equipment. You'll find them compact, reliable, simple to 
install. Need details? Write Electrical Section, Veeder-Root Incorporated, 
Hartford 2, Conn. baie <. oct aaa count on...VEEDER-ROOT 


FREE — a new builetin 
on Series 1591 count- 
ers. Get key facts on 
how these electrically 
actuated counters re- 
port machine output 
from factory to office, 
and how they pay off 
on many other devices. 
Send for Bulletin 842. 
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“Paddle wheel’ tray stop eliminates pneumatic system 
and can be used as a spacer, counter or with a timer to 
release trays at programmed intervals. Paddle, spring- 
held to bottom of each passing tray, is operated by force 
of the moving tray. 


“Skate wheel’’ diverters increase rate of flow and elim- 
inate mechanical damage often caused by swinging metal 
arm diverters. Controller—designed with mechanical spring 
linkage to eliminate solenoid burnouts—may be mounted 
to either side of conveyor. 


Proximity type sensing heads, transistorized and plug- 
in, will read without failure at 54” to improve flow re- 
liability. Passing reader cards disturb a field emitted by 
sensing head and produce output signals to control 
conveyor operation 








| oe 


What's new in material handling control? 


Make your conveyor system more 
efficient with these new diverters, 
proximity readers, stop-spacers. 


These new Cutler-Hammer specialized com- 
ponents have been successfully applied in some 
of the most outstanding automated material 
handling systems in operation. 

The “roller skate wheel” diverter, for ex- 
ample, can double conveyor capacity without 
increasing conveyor speed. By eliminating the 
space formerly required for swinging metal 
diverter arms, carrying capacity is increased 

. damage to tote pans from swinging diverters 
is eliminated. 

Adding greatly increased flexibility, these 
new devices have proven their efficiency in the 
most demanding engineered systems. Now 
they’re being made available to you for your 
special applications. Each of these components 


WHAT’S NEW? ASK. 


CUTLER- HAMMER 





measures up to the same high quality standards 
you've gotten for so long from Cutler-Hammer 
limit switches, pushbuttons, motor starters and 
other control apparatus used on conveyor 
systems. 


WHAT ELSE IS NEW AT CUTLER-HAMMER? 


These new conveyor control devices are typical 
of the many improvements coming out of 
Cutler-Hammer’s systems engineering exper- 
ience. As new problems are tackled, new ideas 
for solutions mean more and more improved 
new products are developed. Why don’t you 
call your Cutler-Hammer sales office soon for 
new ideas that can help you solve your material 
handling problems? 


| | 


Cutler-H e Division: Airborne instruments Laboratory « Subsidiary: Cutier- 
Hammer eee. Cc. Ae Associates: Cutier-Hammer Canada, Ltd.; Cutier-Hammer Mexicana, S. A. 
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Limit switches. Many operator options to fit your partic- 
ular need. New spring mounted nylon operator can be 
mounted on side of conveyor and is actuated by passing 
trays. Special design is tamper proof and eliminates 
multiple counts. 


ey, a, 


con TReot 


Graphic controi consoles can be engineered to fit your 
application. This one is main console for a 6,000 ft. order- 
picking system. Anodized aluminum conveyor layout has 
control switches mounted to facilitate manual or semi- 
automatic operation. 





This new answer to 
INDUSTRIAL REMOTE 
VIEWING PROBLEMS 


| cuts costs 
.»» shortens 
delivery time 


To overcome the problems in many 
industrial remote viewing applica- 
tions involving water, gas, heat, pres- 
sure, radioactivity—Kollmorgen now 
offers precision modular periscopes. 
These American made instruments 
are available for almost immediate 
delivery. Contrary to many current 
price trends, modular periscopes are 
available at about one-third the cost 
of custom designed periscopes. 

From precision components, the 
periscope assembles easily with only 
spanner wrench and screwdriver. A 
large assortment of varying tube 
lengths, elbows, eyepieces, and ob- 
jectives, permit construction of nu- 
merous configurations. Completed 
periscopes can be reassembled into 
entirely different configurations to 
provide wide applicability. 


Kolimorgen modular periscopes feature: 


® Low purchase price. 


e Erect images at any angle of 
bend. 


Rugged construction for 
heavy duty, maintenance-free 
service. 


Sealed joints for use under- 
water. 


Easy mounting through, over 
or around walls, barriers, any 
viewing obstacles. 


Full warranty backed by fifty 
years of Kolimorgen quality in 
optical/electronic/mechanical 
systems. 


This Kollmorgen system is typi- 
cal of solutions to specialized 
requirements. Write for illustrated 
brochure containing specifications. 
Write Department 510 
PRESENT US WITH A PROBLEM. 


« KOLLMORGEN 
Cc CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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Digital computer equipment comparisons 


In case you missed the significance of our striking front 
cover, it heralds the start of the most comprehensive com- 
parisons of digital computer hardware ever published. Object 
of the series, reports Associate Editor Ed Kompass, is to 
provide a really useful aid to management and system engi- 
neers when deciding computer feasibility and_ selecting 
equipment best suited to particular needs. 

Prepared by staff members of Cresap, McCormick and 
Paget, management consulting firm, each article in the 
series will list and compare performance of available equip- 
ment in a given category. Save your tearsheets (perforated for 
your convenience) of each article. They will add up to a 
handbook of comparative data on about 40 computers. 


Enterprising reader files tearsheets with ease 


A letter from Bob Gustafson 
says in part: “I imagine many 
engineers have filing folders 
filled with articles torn from 
ConTroL ENGINEERING. T00 
haphazard. I devised the Edge 
Binder (photo) that now makes 
indexing and filing in a three- 
ring binder easy. Perhaps other 
CtE readers would like to try 
them.” How much? “A sample 
of 12 Edge Binders is $1. Quan- 
tity prices on request. Write to 
Argus Engineering, 698 S. York 
Rd., Elmhurst, Ill.” 


Stream analyzer specialist at Shell Development 


Vigo N. Smith, author of “Predi <- 
ingand Evaluating the Performance of 
Analytical Instruments” in this issue, 
didn't always work with analyzers 
for plant streams. After receiving an 
A.B. degree in Physics in 1939 fan 
U. of California he stayed on until 
1941 pursuing advanced studies. Dur- 
ing the war Vigo worked at the Naval 
Research Lab (radar) and U. of C. 

Radiation Lab (Manhattan Project). 

With Shell since 1945, Vigo has been active in develop- 
ment and application of infrared, ultraviolet, and radiologi- 
cal gas sc 286 and beta particle and special chromato- 
eee instruments. In February, Vigo was named Assistant 
Head of Shell Development's Instrumentation Department. 
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Beckman Announces New Electronic Reversing Counters 


With the new Beckman® solid-state 
3300 Series of high-speed and preset 
reversing counters, reversing EPUT® 
and deviation EPUT meters, industry 
can now cope with numerous automatic 
control problems heretofore impracti- 
cal or impossible to resolve with unidi- 
rectional counters. Digital reversing 
logic adds new dimensions to control 
systems engineering ...providing faster, 
more accurate and efficient means of 
measuring, controlling, indicating, and 
computing by digital instrumentation. 


Digital control systems employing 
direct-reading, solid-state reversing 
counters can be used in many indus- 
tries— replacing slower, less reliable 
electromechanical devices or more com- 
plex electronic instrumentation. 


Wide Application Range 
Applications range from processing 
of raw materials to quality assurance 
of finished products. Typical applica- 
tions include measuring and cutting to 


length in metal working; high speed 
rotary machine monitoring and con- 
trol; flow process control; acceleration 
and velocity computation; and frequen- 
cy deviation measurements. 


What is a reversing counter? All of 
the direct-reading digital instruments 
in Beckman’s 3300 Series are equipped 
with reversible decade counters, one 
for each digit of read-out. These units 
will count “up” in a conventional se- 
quence of 0, 1, 2...9 and then, upon 
command, reverse to count “down” 9, 
8...1, 0. If the count-down reaches a 
read-out of zero (before another com- 
mand to reverse is received), the count- 
ers automatically reverse to a normal 
count-up sequence. 


True Algebraic Sum 

With this reversible counting logic, 
the digital read-out at any given time 
is always the true algebraic sum of 
“plus” and “minus” counts, which may 
represent forward and reverse travel, 
clockwise and counterclockwise rota- 
tion, quantities of input and output, or 
merely two distinct signals. The alge- 
braic sign of the read-out is indicated 

y a “+” lamp or a “—” lamp, signi- 
fying that the read-out consists of 
more plus counts or minus counts, re- 
spectively. 


Specific Applications 


High-speed reversing counters are 
especially suitable for indicating pre- 
cise increments of angular or linear bi- 
directional travel, as applied to posi- 
tioning of antennae or automatic lathes. 
For rotary —_ control applications 
in synthetic fiber or paper mills, these 
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Photo shows Model 3302/5 Dual Preset Reversing Counter. 


instruments can be used for monitoring 
lead/lag of two shafts or cylinders ro- 
tating at speeds greater than 50,000 
rpm. In addition, a reversing counter 
will supply a DC control voltage cor- 
responding to the “+” or “—” sign of 
the read-out for operating control re- 
lays and switches. 


Preset reversing counters — single 
or dual—offer maximum utility for high- 
speed digital control applications, such 
as machine tool positioning, input/out- 
put control in automatic packaging, 
and flow-blend processing. The dual 
preset feature can be used to prevent 
over-run in automatic machine tooling 
by providing a limit-warning signal 
preceded by a final positioning signal. 


Reversing EPUT meters are capable 
of gathering data and simultaneously 
performing digital computations — 
without the need for converting input 
data to magnetic tape, punched tape or 
cards. In digital RPM measurements 
associated with testing of fluid coupling 
transmissions, the speed of the input 
shaft is compared with the output shaft 
for determining extremely accurate 
parameters. 


Deviation EPUT meters provide a 
convenient means of computing carrier 
frequency deviation in calibrating FM 
telemetry systems. These versatile in- 
struments can be used in numerous 
quality control applications in the elec- 
tronics industry, such as the manufac- 
turing of crystals, transistors, and high- 
stability oscillators. 





Beckman Solid-state 
Reversing Counters 


Model 3300 High-speed Reversing Counter 
Basic high-speed reversing counter equipped 
with single input channel for counting “up” or 
“down” at rates up to 200,000 counts-per- 
second. External ‘‘sense’’ input reverses count- 
ing logic. With dual input channels, two dis- 
tinct events (one can be considered plus, the 
other minus) can be counted simultaneously to 
derive true algebraic summation. Instruments 
available with read-out capacities of 3 to 6 
digits. Binary-coded-decima! output also avail- 
able for operating digital printers. 


Model 3301 Single-preset Reversing Counter 
and Mode! 3302 Dual-preset Reversing Counter 
In addition to features of the Model 3300, 
single-preset and dual-preset reversing coun- 
ters provide contact closures to complete ex- 
ternal circuits, pulses or changes in DC voltage 
levels when read-out reaches predetermined 
level. These predetermined levels are preset 
by digit selector switches, one for Mode! 3301 
and two for 3302. 


Model 3350 Reversing EPUT Meter 

Model 3350 accumulates every cycle of plus 
or minus counts during precise time interval. 
instrument also measures period of events in 
time units as short as 10 microseconds. 


Model 3360 Deviation EPUT Meter 


instrument measures preselected read-out and 
then counts ‘“‘down’’ to compute positive or 
negative deviation of unknown input frequency. 














For additional information applying 
reversing counters to specific control 
problems, contact the Beckman/Berke- 
ley Engineering Representative in your 
area or our Applications Engineers at 
Richmond. For additional data, ask for 
Technical Product Bulletin A3300. 


| Beckmarf | INSTRUMENTS INC. 





BERKELEY DIVISION 
RICHMOND. CALIFORNIA 
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When should you use Mercury-Wet 





IF YOUR RELAYS 
MUST 


SWITCH UP TO 
100 TIMES, 


: p Per SECOND) 


HAVE A LIFE 


IN EXCESS OF 


A BILLION / 
CYCLES , 


BE COMPLETELY 


; be AND FREE FROM 
a, ” CONTACT BOUNCE . 


THEN SPECIFY J 

(Ps 

MERCURY) 
WETTED 


CONTACT RELAYS 





MERCURY-WETTED CONTACT 


RELAYS 


An unusual combination of advantages found only in 
mercury-wetted relays has led many design engineers to 
specify them for tough switching jobs. Here are but 3 
typical characteristics of our JM series: 


RELIABILITY. Sealed-in-glass mercury contacts are re- 
newed with every operation. Won’t pit or weld. Make or 
break is positive . . . every time. No bounce, no chatter. 
Signals ranging from a few micro amps to 5 amps are 
switched with singular consistency. 


LONG LIFE. Think in terms of billions of operations when 
considering JM series relays. Proper application, of course, 
is a requisite. 

SPEED. Operate time is just less than 3 milliseconds using 
2 watts of power. Release time is about 3.2 milliseconds. 
Thus, relays can be driven 100 times per second. 


If your project calls for exceptional relay performance, 
perhaps the answer lies in our JM Mercury-Wetted contact 
relay. 


JM SERIES ENGINEERING DATA 


Contact Rating: 

5 amperes maximum 

500 volt maximum 

250 volt-amp max. with required contact protection. 
Contact Configuration: 

Each capsule SPDT. Combination of capsules in one 

enclosure can form DPDT, 3PDT, 4PDT. (Ali Form D.) 
Terminals: 

Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 
Coil Resistance: 

2 to 58,000 ohms. 


More information? 
Write today for free catalogue. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC PARTS DISTRIBUTOR 


@ POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, 
PRINCETON, INDIANA « IN CANADA: POTTER & BRUMFIELD, 
DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 
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HASTINGS 
VACUUM 
GAUGES 





Use 
Ruggedized — 
Gauge Tubes | 





v | 
RUGGED HASTINGS GAUGE 


TUBE UNHARMED FROM 
SHOCK IN 400 LB. DROP 
HAMMER TEST 


Ruggedness is defined as “strong, sturdy, 
hardy”. But ruggedness is demonstrated 
by this shock test of a Hastings Gauge 
Tube conducted to government specifica- 
tion MIL 901B. A 400 lb. drop hammer 
was released to apply shocks to the above 
pictured Gauge Tube in all three planes 
from 1, 3 and 5 feet. The Hastings Gauge 
Tube remained unharmed and _ fully 
operable. 


For every application where ruggedness, 
plus sensitivity, is needed in the measure- 
ment of vacuum, Hastings gauges offer 
advantages not found in other vacuum 
gauges. Their special patented heated 
thermopile construction, compensated for 
temperature and rate of change of tem- 
perature, offers rapid and accurate re- 
sponse. Hastings direct reading gauges, 
free from tube burn-out or glass break- 
age, are available in four hard-to-measure 
ranges, 0-100% Hg; 0-1000n Hg; 0-200mm 
Hg and 10-200mm Hg. 

Send for Free Catalog No. 175 for more 
information on Hastings Vacuum Gauges, 
Controllers, Recorders, 


HASTINGS-RAYDIST, Inc. 
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FEEDBACK 


Wrong source from source 
To tHe Eprror— 

The article “VA Steps up Medical 
Electronic Study” (Conrrot Encr- 
NEERING, May 1961, p. 32) gave credit 
to the wrong firm for the design and 
installation of “The most advanced 

” medical electronic monitoring 
system. The ceiling mounted “Recor- 
Display” unit installed in the VA 
Hospital in Pittsburgh was developed 
by Mr. Arnold S. J. Lee of Invengi- 
neering, Inc., Belmar, New Jersey. 

This fully transistorized eight-chan- 
nel monitor-recorder was designed spe- 
cifically to meet the operating and 
recovery room needs of hospitals. The 
recording of slow speed variables, as 
well as the continuous scanning of 
high speed variables with controlled 
recording on a fully synchronized oscil- 
lograph, give the unit the desired 
range and versatility for this tvpe of 
application. 

A major factor in the installation of 
this unit in hospitals is that the need 
for separate equipment rooms and full- 
time electronic room supervisors is 
eliminated, resulting in important cost 
savings in operating expenses, as well 
as initial installation costs. This fea- 
ture makes the unit ideally suited for 
installation in existing hospitals, as 
well as new construction. 

John Manyak 
Executive Vice-President 
Invengineering, Inc. 

CtE obtained information on equip- 
ment suppliers from the Veteran’s Ad- 
ministration in Washington, D. C. 
When the error was pointed out we 
checked back with our source, and 
found that they still didn’t realize 
Invengineering had furnished the 
monitoring system. Ed. 


Part Il on gyro platforms 
To tHe Eprror— 

In Dr. E. M. Fischel’s article ““Two 
vs Three-Gyro Guidance Platforms— 
II: Servo System Dynamics” (April 
‘61, p. 122) a number of statements 
are unclear and do not appear to be 
based upon the analysis presented. 

Perhaps the most important point in 
need of clarification is the comparison 
of the two platform types in terms of 
the error drift due to vibrational dis- 
turbances. Dr. Fischel leaves any such 
direct comparison out of his two ta- 
bles comparing the servo system and 
the platform type, although he does 
indicate the existence of “nonlinear 


coupling of the single degree of free- 
dom gyro” and “interaxis cross coup- 
ling.” While Dr. Fischel gives a brief 
analysis of the “nonlinear coupling or 
rectification effect of the single degree 
of freedom gyro” at the end of his 
article, he compares this serious source 
of error, apparently on an equal basis, 
with what he calls “a cross coupling 
and a nonlinear mass coupling” of the 
two degree of freedom gyro. What 
Dr. Fischel fails to point out in this 
respect is that the platform drift due 
to this cross coupling, caused by the 
viscous damping of the fluid, is for 
practical systems several orders of mag- 
nitude lower in value than the plat- 
form drift due to the nonlinear coup- 
ling associated with the single degree 
of freedom gyro. This coupling in- 
poses severe servo stiffness requirements 
on the three-gyro platform which 
compound the difficulties already pres- 
ent—the necessity to use at least a 
double lead network for each axis, with 
the attendant noise problems and need 
for adjustment of networks and gains. 

The “nonlinear mass coupling” as 
sociated with the gimbal ring of the 
two degree of freedom gyro is com- 
pletely negligible in practice. Dr 
Fischel states that the two degree of 
freedom gyro is sensitive to bearing 
play in terms of pickoff sensitivity and 
proper torquer operation. Again, in 
practice, these considerations are of no 
importance with properly designed ro- 
tational pickoffs and torquers. 

The author indicates that the size of 
platform for the two design types is 
“probably equal because three gyros 
give a better density factor for packag- 
ing.” For a given size platform sig- 
nificantly greater volume can be allo- 
cated to each of two gyros than to each 
of three gyros, based upon simple geo- 
metrical as well as practical design 
considerations. Since the gyro angular 
momentum varies as the fifth power 
of the gyro linear dimension, the angu- 
lar momentum of each of the two 
gyros in a two-gyro platform is sig- 
nificantly greater than the angular 
momentum achievable in each gyro of 
a comparable size three-gyro platform, 
thus resulting in lower platform drift 
due to gyro error torques. 

H. F. Erdley 

Vice President and 

Director of Engineering 

Guidance and Control Systems Div. 
Litton Systems, Inc. 


(Debate continues on page 16) 
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NEW FROM EDISON ~% 


A PRECISE MINIATURE 
INKLESS RECORDER 


™ INEXPENSIVE ™ RECORDS ANY VARIABLE 
™ REPLACES METERS OR INDICATORS 

= PANEL OR BULKHEAD MOUNTED 

™ BUILT-IN VARIABLE CHART SPEED 

™ JUST 3%” x 3%”x 3” 


Now you can take advantage of a new, economical means of 
recording any variable that can be converted to an electrical 
signal. Thanks to Omnicorder, you need no longer rely on 
meters or indicators, even where cost factors or space restrictions 
would ordinarily dictate the use of these instruments. 


Measuring just 334” x 334” x 3”, Edison’s Omnicorder, a unique 
circular chart recorder, is so compact that nine units occupy just 
one square foot of space. Thoroughly legible, yet requiring no 
ink, pen or ribbon, Omnicorder is equipped with a simple three- 
speed adjustment which regulates chart rotation, thereby pro- 
viding time sequences to meet varied needs. A flick of the switch 
gives users a choice of these sequences: one hour, seven hours 
and thirty hours per revolution — or one day, seven days and 
Stylus operates thirty ‘days per revolution. 


through this slot. The Omnicorder’s simple, inexpensive construction assures depend- 
measuring system is 


sealed off from any able operation and a long, maintenance-free life. Four types of 
careless tampering. meter movements are available to measure a wide range of AC 

Zero Set Screw: Adjustment and DC electrical quantities, ranging from thermocouple outputs 
is made when measuring Yo currents as high as 100 amperes. No amplification is ever 


system is not printing and required, even for signals as low as 10 microamps. 
when the circuit to be 


recorded is disconnected, For complete information on this rugged, maintenance-free 
Omnicorder, write for Catalog 3057. 








Thomas A. Edison Industries 
INSTRUMENT DIVISION 
38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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SCREW WITH SPLIT LOCKWASHER (2 REQ'D.) 


For complete specifications, operating con- 
ditions, coil data, etc., write for bulletins 
“SS” and “SR” today. 


Ask for new Comar 
catalog illustrating 
many standard 
basic designs 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 
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FEEDBACK 


The author answers 
To THe Eprror— 

Mr. Erdley’s comment that not all 
my conclusions are based on the math- 
ematical analysis is correct. A number 
of the points made were also based 
on experience in design and test, for 
it was only in this way that it was pos- 
sible to condense material of such 
complex nature into a size suitable 
for publication. 

What seems to concern Mr. Erdley 
most are the different coupling effects. 
I mentioned them in the article to 
point out to the non-specialist that 
coupling problems exist in both types 
of platforms, and I want to mention 
here that most of them cannot be 
considered alone. They must be multi- 
plied by the transmissibility of the 
servo system in order to judge the per- 
formance of the platform. 

The transmissibility is different for 
the two platform types and depends, 
for instance, on the size of the servo- 
motor. The single degree of freedom 
gyro on the platform has a frequency 
of about 16 cps if the servo loop is 
open. After closing the loop, the 
servomotor has only to raise the fre- 
quency to 25 cps. However, the fre- 
quency of the two degree of freedom 
gyro loop depends entirely on the mo- 
tor (and electronics); hence the motor 
must be many times stronger to estab- 
lish an equivalent loop frequency of 25 
cps. But a more powerful motor with 
the associated gears has a larger re- 
flected moment of inertia and trans- 
mits many times more energy into the 
platform system. This is undesirable. 

The engineer who wants to investi- 
gate the problem further, should look 
at the equation for the rectification 
effect for the gyro: 


d¢/di = ¥dé/dt (19) 


This is the drift of the gyro alone. 
But for the drift of the platform, 
which is the product of gyro drift and 
servo loop transmissibility, as men- 
tioned above, the following equation 
must be used: 

d¢/dt = w (AB/2 A*?) XZ (20) 

Regarding the magnitudes of this 
disturbing effect, we know that it can 
be kept small enough to be negligible 
by proper design. If the disturbing 
effects of the two-gyro platform can 
be made even smaller, no significant 
improvement will be ‘obtained. 

Coming to Mr. Erdley’s last point, 
in which he attacks my statement that 
the sizes of the two different platforms 
are probably equal because three gyros 
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give a better density factor, I can only 
say that experience in the field has 
shown that the sizes are about equal. 

In his argument, he stresses the well- 
known fact that the angular momen- 
tum H varies as the fifth power of the 
gyro linear dimension. Based on this, 
he says there results “. . . lower plat- 
form drift due to gyro error torques”. 
That this is not always true can be 
seen from the following. Under vibra- 
tion to which virtually every platform 
is subject, the mass of the gyro (which 
increases as the third power of the 
linear dimension D) plays a major role. 
Further, this mass appears squared in 
the equation for gyro drift, and gives 
the relationship between mass and an- 
gular momentum: 


; mass* Ds 
gyro drift ~ oe hae D 


From this it would appear that 
smaller gyros are preferable; but we 
know that this is not the whole story, 
and that other effects play their part 
in this complex matter. 

E. M. Fischel 

Senior Staff Engineer 
Kearfott Div. 

General Precision, Inc. 


Westinghouse corrects us 
To tHe Eprror— 

I read with considerable interest 
the article about the Westinghouse’s 
new Industry Systems Dept. that 
starts on page 40 of your Sept. °60 
issue. I was pleased that you saw fit 
to describe this new department. 

However, there are sections of the 
article on which I would like to com- 
ment since I fear your readers may 
have gotten the wrong impression. 

In the second paragraph, first page, 
the second sentence conveys the idea 
that the Industry Engineering Dept. 
has been replaced by the Industry Sys- 
tems Dept. This is not the case. The 
new Industry Systems Dept. will com- 
plement the continued activities of 
the Industry Engineering Dept., 
building on the long and successful 
past of this group. Activities of both 
departments will be directed and 
coordinated by Dr. Patrick Conley, 
vice-president, Industry Engineering 
and Systems Dept. 

In the third paragraph, page 42, you 
state that the Industry Systems Dept. 
“will pick up” work on computer con- 
trol systems already sold. This is not 
the case. The Industry Systems Dept. 
will have no responsibility for jobs ob- 
tained before formation of the depart- 
ment. The new department will 
concern itself with new jobs comple- 
menting work now being done by 
existing departments. 

Paul R. Sprowl, Manager 
Industry Systems Dept. 
Westinghouse Electric Corp. 


OCTOBER 1961 


‘Aboard an Atomic Sub... 


PRECISE CONTROL OF TORPEDO FIRING 
AND MISSILE GUIDANCE OPERATIONS 


| 

















Several STANDARD timers of 
special design coordinate 
time between the several 

operating stations in 

the “‘Seadragon’s” integrated 
missile guidance and 

torpedo fire control system. 


Another of Numberless Applications of 


SPECIAL TIMERS 
by STANDARD 


Wats your need in special timers? For precise process 
timing . . . accurate test timing . . . precision coordination? 

Whatever the application, STANDARD has the engineering 
skill and experience ...and the ample production facilities 
... to develop the timer you need. 

Accuracies to +.001 second are available in standard 
models. Write today requesting descriptive catalog or out- 
lining your special requirements. 





Catalog 198A covers the complete line 
of Standard precision timers 
.+. portable and panel mounted. 


THE STANDARD 
ELECTRIC TIME COMPANY 


89 LOGAN STREET @ SPRINGFIELD, MASSACHUSETTS 
| Gulitting the Galt Second... Precisely” 
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Can Card-Program Your Product 


Now, with the HICKOK Cardmatic® Card Reader, you can 

. provide card-programming advantages at low cost. Make your 
product more versatile, simplify and speed set-ups, assure 
consistently uniform results, regardless of the operator’s skill 


and experience. 
ess a fl The HICKOK Cardmatic® Card Reader is more than just 


a sensing device. It is an actual working switch with 186 
individual contacts, contact-to-pin resistance of only 0.0025 


‘e ohms and current carrying capacity of up to 10 amperes. A 
rubberized vinyl card, 3” x 55"’, is the programming medium; 
e the absence of a hole in the card completes a circuit. 

The Card Reader measures only 67%’ wide x 7534" long x 4%" 
deep below panel. The basic unit with standard wiring is priced 
at $250.00—F.0.B. Cleveland. 

For more information, write for Form SP 260, containing 
complete specifications and describing various applications 
. . . There is no obligation. 


The Hickok Electrical Instrument Company 


10589 Dupont Avenue * Cleveland 8, Ohio 
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A CONTROL PERSONALITY 


James M. Snodgrass 


what's happening under the oceans? 


In a typical Hollywood movie of the 1940's the 
oceanographer was likely to be a wealthy dilettante 
who adopted this way of life because of his love 
for sailing, the great outdoors, and solitude. Cer- 
tainly the study of oceanography has meant long 
periods on the water on research ships. And the 
oceanographer was almost a philosopher in his ap- 
proach, leaning heavily on theoretical hypotheses 
in his study of marine biology, currents, and under- 
water geology. 

Now a new breed of oceanographer is appearing, 
an engineering-oriented technical man who does his 
best work in a shore-based laboratory, developing 
new techniques for measurement, designing new 
instrumentation to measure under water, and devis- 
ing equipment to mechanize the hoary procedures 
of oceanography. Typical of this new breed is 
James M. Snodgrass, head of special development 
at the Scripps Institution of Oceanography at La 
Jolla. Snodgrass, a psychologist by formal educa- 
tion, has grown into Scripps’ most enthusiastic sup- 
porter of modern instrumentation. 

Since he joined Scripps in 1948, he has studied 
the effects of high pressure on electronic compo- 
nents, evolving techniques for using transistorized 
circuitry at great depths. And he has developed 
deep sea telemetering cables, current meters, photo- 
meters, oxygen meters, and bathythermometers. 

James Snodgrass’ graduated from Oberlin College 
in 1931 with an AB degree and a specialization in 
physics and psychology. He was an assistant psy- 
chologist at the College for a couple of years and 
then took graduate work at the University of Penn- 
sylvania and at Harvard. He moved into medical 
research at the Free Hospital for Women in Mass. 

He was back at Oberlin teaching physiological 
acoustics when World War II broke out. In 1942 
he joined Columbia University’s war research divi- 
sion and was assigned to an antisubmarine warfare 
project. It was a short jump to oceanography. 

After the war ended, Snodgrass spent a few years 
as chief engineer of the Motion Picture And Sound 
Div. of Dayton Acme Co. But he had been bitten by 
the oceanography bug and in 1948 joined Scripps 
as an associate marine biologist. His chief interest 
since then has been instrumentation. 

One of the few specialists in underwater instru- 
mentation, Snodgrass has been a spokesman for 
the industry’s problems. Earlier this year he testi- 
fied before a congressional committee urging sup- 
port for oceanographic instrumentation. He told 
the legislators that application of such instrumenta- 
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tion is just beginning and adequate research facili- 
ties are needed desperately. 

Reviewing what has and what hasn’t been done 
with underwater instrumentation. Snodgrass credits 
two factors for inactivity. One is a shortage of 
money. In the past, oceanographic budgets have been 
notoriously skimpy. The second is the reluctance of 
oceanographers to put any faith in instrumentation. 
Many have had bad experiences with home-made 
rigs for measurement, experiences so harrowing that 
the researchers frequently ignored certain basic data 
because they considered obtaining it an impossibility. 

All that is changing now. Budgets are growing 
(CtE, Aug. 1960, p. 61). And the exploration of 
space has helped reverse a lot of traditional thinking, 
although the return to oceanography from aero- 
space research has been disappointing. The prob- 
lems have turned out to be too different. 

One problem he feels needs urgent attention is 
the development of new transducers and sensors. 
The need is broad. At any instrumented buoy as 
many as 50 parameters may have to be measured, 
including temperature at different depths, currents, 
water transparency, and salinity. 

At Scripps, Snodgrass’ instrumentation interests 
are broad, too. He is concerned with getting data 
out of the ocean about biological, physical, or chem- 
ical phenomena to answer the question, “What’s 
happening under the oceans? 





At Bell Telephone Laboratories, mathematician Sidney Darlington 
has contributed notably in developing the art of circuit analysis. 


IT HAPPENS IN THE MIND... 


...It is essentially a thing of the mind for it works through concepts, symbols and 


relationships . 


.. it helps man to analyze and synthesize the complex phenomena of the 


universe and himself... it works in many ways to advance electrical communications: 


IT IS CALLED MATHEMATICS 


At Bell Telephone Laboratories mathe- 
matics works powerfully to solve problems 
involving complex data. For example, engi- 
neers must design and synthesize complex 
systems to process specific signals in precisely 
controlled ways. At the same time the tech- 
nology provides a wide choice of circuits and 
components. Mathematical circuit analysis 
reveals the circuits which can do the job 
most efficiently and economically. 


Intriguingly, too, the mathematical ap- 
proach leads to basically new knowledge. For 
example, it led to the invention of the electric 
wave filter . . . disclosed a kind of wave trans- 


mission which may some day carry huge 
amounts of information in waveguide systems 
... foretold the feasibility of modern quality 
control ...led to a scientific technique for de- 
termining how many circuits must be pro- 
vided for good service without having costly 
equipment lie idle. 


In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 
analysis, laboratory experimentation, simula- 
tion with electronic computers. Together 
they assure the economical advancement of 
all Bell System communications services. 


\ BELL TELEPHONE LABORATORIES 


) 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Newsbreaks 
In Control 


Adaptive Controls for New Plotter 


Wichita, Kans.—A new plotter that will verify numerical control tapes 
by drawing the part to be fabricated will have an adaptive control system. 
The radical new device is being purchased by the Air Force for the 
Wichita installation of Boeing ‘Airplane Co. The plotter is being made 
by Gerber Scientific and the unusual control system by Bendix System 
Research Laboratories. Delivery expected about July 1962. 


Memory 


Palo Alto—Self organizing memory device called ADALINE (Adaptive 
Linear Classification Machine) has been built by Dr. Bernard Widrow at 
Stanford Research Institute. Its chief component is ““memistor”’, an elec- 
trochemical cell less than an inch in length. Resistivity of the cell deter- 
mines whether a bit of information is stored or not. Resistivity is varied 
by the plating of copper on a glass rod which has been coated with tin 
oxide. Stanford has agreement with IBM to tie ADALINE to an IBM 
1620 computer. 


British Atlas Bids for Computer Market 
New York—New giant computer called Atlas will be marketed by Britain’s 
Ferranti Ltd. in bid for a big piece of the world computer markets. Atlas, 
costing $6,000,000, can perform a million commands per second. First 
production unit is being installed at Manchester University which helped 
design the big data processor. 


CRT Warnings in British Cockpits 


Farnborough, England—One of the most interesting exhibits at the an- 
nual Air Show here last month was an automated cockpit warning device 
that flashed urgent messages to the pilot on the face of a cathode ray 
tube. The device was designed by Rank Cintel. A fault condition trig- 
gers a central character generator which spells out the trouble for the 
pilot, writing it on the face of the tube. 


Machine Tool Notes 


New York—Two events of importance to machine tool control makers are 
scheduled to take place in October. In Bar Harbor, Me., the Federal 
Court hearing the Bullard-General Electric numerical control patent 
suit (CtE, Sept. ’60, p. 54) is scheduled to render a decision. At Wright 
Panini Air Force Base, the Air Materiel Command will announce suc- 
cessful control bidders who will replace the continuous contouring. sys- 
tems originally supplied by Cincinnati Milling Machine Co. 
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| WHAT‘S NEW 


HEAT, SUN, and STARS 
To Point Satellite Payloads 


Vehicle orientation is evolving as the most ticklish 


aspect of control of satellites in the projects planned 


for the next few years. Spacemen are borrowing 


both old and new sensing and actuation techniques. 


And component reliability is still a bottleneck. 


WASHINGTON— 

Standardized black box controls for 
space vehicles. With them a project 
engineer could put together a system 
to control any space project whether 
it be an orbiting weather satellite or 
a lunar probe. 

That was the concept NASA’s ad- 
vanced controls group had about four 
years ago, right after the space age 
was born. NASA has since had to 
junk the idea. The space agency dis- 
covered that control requirements for 
different types of projects varied so 
much that a standard module concept 
was not practical. 

During the past four years, the con- 
trol problem in aerospace has changed 
drastically. Right after the first satel- 
lites were launched, the big problem 
was how to put a satellite in the pre- 
cise orbit required for a mission. Now 
spacemen can put a satellite pretty 
much into the orbit they want and 
future improvements are likely to pro- 
duce only a slight accuracy edge. 

But the big problem today depends 
on the mission. In a communication 
satellite, for example, it is keeping the 
satellite in the same orbit for periods 
in excess of five years while the space 
orbiter is continually pushed towards 
the earth by sun pressure (CtE, Feb. 
61, p. 33). Im another type of ve- 
hicle, it is maintaining a platform in 
a precise attitude so that another ve- 
hicle can be launched into space, or 
scientific data can be collected. 

¢ Billion dollar study—The U. S. 
has laid out a series of experiments 
that will cost billions of dollars over 


the next 10 years. And the program 
has introduced some new control prob- 
lems. Typical types of projects: 

> satellites that will always point 
to the earth to send back such data 
as cloud cover for weather forecasting 
and military intelligence, including 
photographs of hostile installations and 
infrared warnings of enemy missile 
firings. 

P satellites in synchronous orbits 
so they appear to remain over one 
fixed point on earth. 

P orbiting observatories to study 
celestial bodies and to map radiation 
effects around the earth. 

P satellites that rendezvous in 
space for scientific and military appli- 
cations. 

> satellite launching platforms that 
can send probes deep into space. 


1. Attitude Control 


Attitude control has emerged as the 
number one problem in a lot of space 
projects. Most satellites launched to 
date have been spin-stabilized—spun 
like a bullet leaving a gun to maintain 
stability—or allowed to tumble end 
over end. This worked as long as the 
main objective was just putting a satel- 
lite into orbit. But tumbling or spin- 
ning is not satisfactory for satellites 
that must point in one direction all 
the time, for example, at the earth to 
relay cloud coverage information or 
at the sun to generate power to oper- 
ate instrument payloads. 

To exert such control requires sens- 
ing devices that can determine when 
the desired orbital condition has been 


reached and then some form of actu- 
ator to exert a correction if one be 
needed. 

e Heat, sun and stars—At least half 
a dozen different techniques lend 
themselves to sensing foi attitude con- 
trol. And all of these have been 
proposed for one project or another 
depending on the accuracy of posi- 
tioning demanded. They include in- 
frared sensing, solar photo cells to 
align with the sun, star trackers, and 
inertial systems that rely on rate gyros. 

Reliability has been the roughest 
dilemma. Engineers are hard pressed 
to test satellite control systems under 
realistic conditions that duplicate the 
environment of outer space. The 
most difficult requirement: running a 
piece of electromechanical equipment 
in almost perfect vacuum. Facilities 
with such vacuum capabilities are rare, 
though many companies in the aero- 
space field have started building huge 
vacuum test chambers. 

What engineers are trying to do 
right now is find a reliable approach 
to attitude control, one they can de- 
pend on with some degree of assur- 
ance. Infrared has scored the best 
record to date. It has been used to 
determine when the cameras were 
pointing at earth in the Tiros weather 
satellites, for orientation in the Mer- 
cury man-in-space capsule and will 
provide attitude control in the Nimbus 
meteorological satellite that is to be 
launched soon. 

Both solar cells and star trackers 
rely on semiconductor junctions. But 
no one device can follow both the 
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Orbiting Geophysical Observatory 


SPACE SHOT CALENDAR 
Major Space Shots Planned for Next Four Years and the Chief Control Problems 
sun and a star. If it can handle the 


bright intense radiation from the sun, NAME No. of Shots Control Problem 


the device is likely to be insensitive to 
the low light levels from stars; and, if 
it can detect stars, such as the semi- 
conductor star tracker developed by 
IBM with a semiconductor and an elec- 
trolyte solution, sunlight will blind it. 

© Obstacles — Component perform- 
ance and reliability are slowing rapid 
advances in aerospace attitude control 
systems. For example, many engineers 
would like to use an inertial system 
for attitude control. They'd like to 
reduce the dependence on semicon- 
ductor devices whose performance can 
be affected by the nuclear radiations of 
outer space. But today’s acceler- 
ometers are far from accurate enough. 
A NASA control engineer says they 
have a sensitivity of 10°; what’s needed 
for attitude control is sensitivity of 
at least 10°". 

With rotating components such as 
servomotors, synchros, and electrical 
actuators, lubrication in the vacuum 
environment is still a headache. The 
lubricants vaporize. And windings 
have to be carefully designed because 
coils that operate reliably on the 
ground burn out in the vacuum of 
space because of improper cooling. 

¢ Control actuators — To correct 
satellite position, spacemen have bor- 
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1961 

Mercury Atlas (Man-in-Space) 
Orbiting Solar Observatory 
Ranger 


Scientific Satellites 


1962 


Ranger 


Mercury-Atlas 

Mariner (Venus Planetary Craft) 
Scientific Satellites 
Communication Satellites 
Meteorological Satellites 


1963 

Orbiting Geophysical Observatory 
Communications Satellites 

Surveyor for Moon Landings 
Mariner (interplanetary) 

Orbiting Astronomical Observatory 


Meteorological Satellites 


1964 

Polar Orbiting Geophysical Observatory 
Mariner 

Communication Satellites 

Meteorological Satellites 

Surveyor 


Reliability 

Attitude control to position sensors 

Stabilization to launch space probe 
from satellite 

Instrumentation 


Stabilization to launch space probe 
from satellite 


Navigation 

Instrumentation 

Stabilization of orbits 

Attitude control to position sensors 


Attitude control to position sensors 

Stabilization of orbits 

Mid-course trajectory navigation 

Mid-course trajectory navigation 

Attitude control to position tele- 
scope and spectrometer. 

Attitude control to position sensors 


Attitude control to position sensors 
Mid-course trajectory navigation 
Stabilization of orbit 

Altitude control to position sensors 
Mid-course trajectory navigation 





A RELIABLE PLUG-IN 





25 AMP RELAY 








More compact than 
most 10 amp relays 





With “Diamond H” Series W dpdt 
relays you can fit as many as fourteen 
25-amp circuits into a space measuring 
only 14"x 1%" x 11%"! 

Easy to install or remove—Spade ter- 
minals for socket or quick-disconnect 
installation. Solder terminals avail- 
able. 

Long, trouble-free service—Simple, 
functional construction with over- 
sized solid silver contacts and contact 
bar assure long-time, dependable 
switching. Series W relays have given 


well over a million cycles at a 15-amp 
load. 


SPECIFICATIONS 
CONTACTS: 
Arrangement —dpdt, double break, dou- 


ble make. Other arrangements and 
sequences. 


Load — 25 amp resistive, 120 or 240 V a-c 
25 amp ind., 120 V a-c (75% p.f.) 
12% amp ind., 240 V a-c (75% p.f.) 
1 hp 120 V a-c, 2 hp 240 V a-c 
25 amp resistive 28 V d-c 
MOUNTING: Panel, side or socket 
DIMENSIONS: 14 x 1% x 1% inches. 
U/L APPROVAL: U/L File 31481 


COMPLETE DATA and specifications 
are available— new 8-page Relay Guide. 


~HART 


MANUFACTURING COMPANY 


165 Bartholomew Avenve, Hartford 1, Conn. 


Phone JAckson 5-3491 
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SATELLITE ATTITUDE CONTROL (Cont) 


rowed something old and something 
new. The something old is the fly- 
wheel. The Orbiting Astronomical 
Observatory, for example, will change 
its attitude in opposition to changes 
in momentum of a flywheel, these 
changes being brought about by ac- 
celeration of an electric motor. 

The new is a reaction jet—and soon 
a computing reaction jet. Stored gas, 
usually nitrogen, operates the jets for 
a predetermined time to bring the 
satellite into proper attitude. Diamond 
Ordnance Fuze Laboratory’s fluid am- 
plifier units (CtE, May, ’60, p. 26) 
offer the potential of a jet which can 
calculate its duration of discharge or 
its angle of discharge to bring about 
proper attitude control—all in one 
unit with no moving parts. 


ll. Bellwether Controls 

During the next three years, three 
satellite experiments will successively 
advance the state of the art in attitude 
controls. Although there will be many 
other satellites lofted into orbit (see 
table) these three will mark control 
milestones. They are the polar orbit- 
ing Nimbus meteorological satellite, 
the Orbiting Geophysical Observatory 
(OGO), and the Orbiting Astronomi- 
cal Observatory (OAQ). 

e Jack be Nimbus — The Nimbus 
satellite, to be launched later this year, 
is a follow-on version of the Tiros 
series. Weighing 650 lIbs., it is to be 


‘ oriented so that its cloud photograph- 


ing cameras always point towards the 
earth and its cloud cover. 

Control specifications dictate that 
the longitudinal axis vary not more 
than plus or minus one degree. A 
second requirement is that the satel- 
lite be positioned within one degree 
of the plane of the orbit to allow max- 
imum scanning by infrared devices. 
Finally, the solar cells that will power 
Nimbus’s instrument load have to be 
kept pointing at the sun. 

Nimbus will rely on a variety of 
sensor systems. Infrared devices will 
keep the cameras pointing at the earth 
by locating the earth’s horizons. Solar 
sensors will align the vehicle so the 
solar cells can “see” the sun at all 
times. And finally a rate gyro will 
determine the orbital plane attitude. 

To make corrections, the weather 
satellite will also use a combination of 
devices. Six nitrogen fueled reaction 
jets, two mounted about each ortho- 


gonal axis, will stabilize the course. 
Three fly wheels, also mounted at right 
angles to each other, generate propor- 
tional control. 

e Geophysical survey — Although 
Nimbus will be continually changing 
its attitude so that its cameras can 
photograph the earth endlessly, it al- 
ways aims at the same target. The 
Orbiting Geophysical Observatory adds 
the requirement of pointing the in- 
strument payload in different direc- 
tions at different targets (the photo 
on page 23 shows how the OGO will 
look as it cruises through space). 

Specifications call for the payload to 
be pointed in two directions with an 
accuracy of 2 deg. 

@OAO Most Complex—The most 
complex of these milestone projects 
will be the Orbiting Astronomical Ob- 
servatory, a $30 million vehicle to be 
launched in 1964. Major job of the 
control system is to point a telescope 
and a spectrograph with startling ac- 
curacy. Controls contractor General 
Electric (working with the prime con- 
tractor which is the Grumman Air- 
craft Corp.) is shooting for an accuracy 
of xs sec of arc—compared to about 
i's deg the same contractor expects to 
provide in Nimbus. Actually, the 
satellite’s control system will have a 
pointing accuracy of one minute of 
arc and corrections from the ground 
will bring about the final accuracy. 

In OAO, accuracy is critical. One 
of the key pieces of instrumentation 
is a spectrograph which will work if it 
is pointed correctly but which will not 
work if its direction is off. 

Sensors of OAO are star trackers 
which will be aimed at selected stellar 
bodies by ground control. For star 
acquisition, the initial stabilization 
and orientation mode is accomplished 
in 48 min of sunlight. 

e Advice from the ground—For the 
immediate future, NASA is not relying 
completely on self-contained control 
systems for any of its sophisticated 
satellites or deep space probes. In- 
stead, data on inflight performance 
will be collected so that correction 
commands can be computed on the 
ground and then relayed to the satel- 
lite. In this way the need for airborne 
computation of sophisticated levels is 
reduced. And NASA sees no problem 
getting commands to the spacecraft. 

—Seth Payne 
McGraw-Hill News 
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NEW FROM EGECTRONIC\MEASUREMENTS 


A portable 

POWER SUPPLY 
with all the advantages 
of big semiconductor 
units. Notice the 
continuously 


Variable 


- 
4 
¢ 
* 
; 
% 
- 
: 
j 


CURRENT-LIMITER, 
programmability, 

two full-time 
meters... 

Size? Just about 

a half inch wider 


than shown here. 
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ELECTRONIC 
MEASUREMENTS 


COMPAN Y O F RED BAN K 
EATONTOWN - NEW JERSEY 
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AVAILABLE TEACHING MACHINE PROGRAMS 





Encyclopedia 
Britannica Films 


U. S. industries 


T™I 
Grolier 


Basic Systems 





Algebra 

Computer mathematics 

Mathematics essentials 

Trigonom 

Slide rule fundamentals 
(1, 4, Mm) 


Algebra | 


Arithmetic: 


multiplication and div. 


Arithmetic: decimals 
Algebra | 

Algebra ll 

Statistics 


Intermediate calculus* 
Differential equations* 


Trigonometry * 

Plane geometry * 
Coordinate geometry * 
Probability theory * 
Elementary set theory * 





Physics 
The oscilloscope 
Electronics 


None 


Measurement * 

Conversion of units* 
Mechanics * 

Electricity and Magnetism * 





Biology 


None 


The skin* 
The skeletal system * 
Mitosis * 





Chemistry 
None 


Atomic structure * 

Descriptive chemistry * 
Electronegativity * 

Covalent bonds* 
Decomposition * 

Dispersion and solutions * 
Oxidation-reduction reactions * 
Equilibria * 





Languages 
None 


Russian 
German 
Spanish 
Hebrew 


None 





Others 
Bridge for beginners 


Management science * 


English spelling 
English punctuation 
Music fundamentals 





*Available after January 1, 1962. 


AUTOMATIC 
TEACHING 
MACHINES: 


Programs 


Start 
to Appear 


26 


NEW YORK— 

As students throughout the U.S. 
start back to school this fall, not many 
of them will face automatic teach- 
ing machines (CtE, June 60, p. 20) 
instead of human instructors. Edu- 
cator reluctance to accept the machines 
and their principles of reinforced 
learning has itself been reinforced by 
a continued shortage of good programs 
for the machines. But, as the table 
above shows, programs are starting 
to appear. 

At an American Management Asso- 
ciation seminar last month almost 600 
representatives of school systems, 
universities and colleges, and industry 
gathered to take a look at what’s avail- 
able in machines and programs. The 
turnout proved there is considerable 


curiosity about the new method of 
teaching: the AMA had expected only 
150 attendees when it scheduled the 
meeting. After looking over a variety 
of machines, most of the visitors con- 
centrated on where to find something 
to put into the machines—tested pro- 
grams on specific subjects. 

e Tyros springing up—New com- 
panies are springing up rapidly to fill 
the program vacuum. One with the 
most ambitious plans, 21 programs to 
be available around January 1962, is 
Basic Systems, Inc., which celebrated 
its first anniversary only last month. 
Another, General Education, Inc., was 
set up just last May to custom write 
programs for industrial, military and 
academic customers. Koncepto-Graph 
Corp., a third relative newcomer, is 
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electrohydraulic 
components 
for 
industrial 
servosystems 


INDUSTRIAL DIVISION 
P.O. BOX 8, EAST AURORA, NEW YORK 


Path, 


from stock. Write for descriptive bulletins and specifications, 
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In jet engines ? 
CEC Vibration Transducer (4-124) will tell. 


It’s all new. It detects the slightest jet engine vibration in 
ground tests or in-flight monitoring. It has a temperature range 
from —65°F to 800°F. Four-and-a-quarter ounces light, 
2% inches high, hermetically-sealed, tough as nails and will 
last a long long time. How many do you want? Call your 


nearest CEC office or write for Bulletin CEC 1628-X2 today. 


Transducer Division 


CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA - A SUBSIDIARY OF BELL & HOWELL 
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... prices range from $10 to $40 
per frame and a typical program 


has 1,000 frames... 


starting to prepare segments of pro- 
grams that have been written in edu 
cator’s workshops. Its president, R. H. 
Hartjen, thinks that pieces of programs 
have a better chance of winning edu- 
cator acceptance at this time than a 
program for a whole course. 

The three big names in automatic 
teaching machine programs, all of 
whom have chalked up sizable sales 
of programmed materials, are U.S. 
Industries, Encyclopedia Britannica 
Films, and the Grolier Society. 

Most of the USI.’s program sales 
can be traced to TutorText, the scram- 
bled book programs that USI writes 
and Doubleday, Inc. publishes. Al 
most 100,000 copies of the first five 
titles have been sold. USI. is now writ 
ing four more books for the TutorText 
series and has started preparing pro- 
grams for industrial users. It has un- 
derway preparation of custom programs 
for specific customers to teach subjects 
that range from principles of heating 
for plumbing equipment salesmen to 
the fundamentals of insurance for life 
insurance salesmen. 

Encyclopedia Britannica Films has 
moved its program writing center 
from Hollins College, Va., to Stanford 
University in Palo Alto. As the table 
shows, the company has 6 programs 
available, will have five more advanced 
mathematics programs and a manage 
ment science program ready by Jan- 
uary 1962. 

The Grolier Society is marketing 
the programs and teaching machine 
made by Teaching Machines, Inc. 
There are 16 programs now available 
and more coming. 

e High cost of learning—The big 
problem in program preparation re- 
mains the high cost. Dr. Francis 
Mechner, technical director of Basic 
Systems, has figured that programmed 
materials take 20 times as many man- 
hours to prepare as conventional teach- 
ing texts. Writing calls for a team 
made up of subject specialists, psy- 
chologists, and writers. 

Program prices range from $10 to 
$40 per frame (or page) of material. 
In most automatic teaching machines, 
a student uses about 100 frames per 
hour. Unless the cost can be spread 
over many students, the price of a 
typical program, which averages over 
1,000 frames, becomes prohibitive. 

Another problem plaguing program 
writers is how to publish the pro- 
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grams and make them available. 
Should they be published as textbooks? 
For what machines should they be 
designed? Should they be printed on 
rolls of paper, in sheets, or on muicro- 
film? Nobody is yet sure of the answer. 

USI. has, of course, published its 
programs as TutorTexts and on micro- 
film for use in USI’s electromechanical 
Autotutor. Basic Systems has an agree- 
ment with Meredith Publishing Co. 
and all its programs will first appear 
as programmed textbooks. Encyclo- 
pedia Britannica publishes its pro- 
grams in loose-leaf book form. 

eNew machines too—Although 
much of the interest was in programs, 
there were some new machines on dis- 
play at the AMA session too. Thomp- 
son Ramo Wooldndge showed off its 
Mentor, a prototype of an electronic 
trainer, for the first time. Built with 
many of the logic modules designed 
for the RW-300 process control com- 
puter, Mentor combines electronic 
logic with motion picture or slide-pro- 
jector and a tape recorder. A student 
hears and sees explanations and then 
pushes buttons to answer the questions 
that check his progress. 

Eastman Kodak’s Recordak Div. 
showed a machine that runs on a 
microfilm program that is held in a 
narrow oblong plastic card. Kodak 
has no interest in writing programs but 
is willing to reproduce any program 
on microfilm. 

e Industrial dent—Many machine 
manufacturers feel that the industrial 
market is more receptive to automatic 
teaching units than academic users. 

One of the most promising indus- 
trial applications appears to be the 
data processing business. Every com- 
puter manufacturer maintains a stable 
of instructors who travel around the 
country to train customers and poten- 
tial customers. Each maker offers 
several courses and automatic teach- 
ing might well be usable for most 
of them. 

IBM has experimented with a pro- 
grammed workbook to teach _ basic 
facts about its 7070 computer to cus- 
tomer engineers. As a result, the big 
computer company thinks proper use 
of automatic teaching programs might 
reduce its training bill by 10 percent. 

Systems Development Corp., which 
has been experimenting with com- 
puters for teaching—using a Bendix 
G-15 and considering a Philco 2000— 
has trained almost 1,000 potential pro- 
grammers with scrambled textbooks 
on computer number systems. 

Despite the apparent problems and 
the continued inertia of educators, 
everybody in the teaching machine 
business is enthusiastically optimistic 
about the future. They agree to a 
man the big market could happen at 
any time. It might even be tomorrow. 
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In trucks, trailers, flatcars ? 
CEC Accelerometer (4-202) will tell. 


This little strain gage accelerometer (1 cubic inch, 3 ounces) 


tells how missiles and electronic equipment stand up in transit. 


Little as it is, it happens to be better than all comparable ac- 
celerometers. le., lowest cross axis response; smallest damping 
change with temperature; highest resonant frequency; operable 
temperature range from —70°F to 300°F. And it’s just as dura- 
ble as that one over there on the left. Need some? Call your 
nearest CEC office or write for Bulletin CEC 4202-X13. 


Transducer Division 


CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA - A SUBSIDIARY OF BELL & HOWELL 
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more flexibility 
in power switching 
with 


“Blue Line” 
Rotary Switches 


These compact units switch from 20 
to 200 amps—manually or remotely. 
Horsepower ratings to 140 H.P. 


Concentrated control — up to 48 
contacts on a single switch. You can 
eliminate relays, contactors, and 
interlocks. Life exceeds five million 
operations. 


Wide selection of contact arrange- 
ments, mountings, enclosures, 
escutcheons, handles, attachments, 
and accessories— thanks to modular 
design. Modules stocked for quick 
assembly at authorized service cen- 
ters. No delivery delays for unusual 
assemblies . . . no increase in prices. 


Write for complete 
literature on the Blue Line. 


american solenoid 
company, inc. 


U.S. Highway 22, Corner Madison Ave., 
Union, New Jersey 
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WESCON 





Fiber Optics Promises 
Radical New Display Gear 


Prototypes of some startling new test and display 
equipment were shown at the west coast’s annual 
electronics show. Production still may be a problem. 


SAN FRANCISCO— 

From the welter of over 850 exhib- 
its, glamourizing new electronic equip- 
ment at this year’s annual Western 
Electronics Show and Convention 
(WESCON), probably the most excit- 
ing development wasn’t new at all. 
Fiber optics is moving from a labora- 
tory curiosity to an important design 
technique for electronic test and dis- 
play equipment. 

Since 1870, physicists have known 
that light can be conducted along a 
curved path. Advertising men have 
built eye-catching displays with light 
carried around corners by plastic tubes. 
In the last six months, however, engi- 
neers have succeeded in building some 
unique display equipment with bun- 
dles of very thin glass fibers, usually 
coated with a layer of glass of a differ- 
ent kind. These bundles can transport 
an optical image over a tortuous path 
and can transform it. 

WESCON was the first show to 
host a concentration of fiber optic 
devices. Shown for the first time 
was an optical fiber Charactron tube, 
built by General Dynamics/Electron- 
ics. Cathode ray tubes with fiber optic 
features were also shown by DuMont 
Laboratories and Litton Industries. A 
“Fiberscope”—a bundle of fibers with 
a lens at each end of the bundle— 
was displayed by American Optics. 

e Line-at-a-time printer — General 
Dynamics has put a fiber optic face- 
plate on a Charactron tube. The fibers, 
about 4 in. long, transmit the image 
formed on the light-emitting phosphor 
by the electron beam, through the 
glass envelope of the cathode ray tube. 
Direct contact printing of the image 
is possible if a piece of sensitized paper 
is placed against the end of the bundle 
outside the tube envelope. 

The big advantage of direct print- 
ing is brighter images and better reso- 
lution. Normal faceplate glass on a 
cathode ray tube reflects some of the 
light and scatters some more of it 
so the end product loses brightness. 


The same advantages apply to fiber 
optic faceplates on simple cathode ray 
tubes. 

In the General Dynamics design, 
the fiber optic faceplate is a strip that 
can print one line of ee pom data at 
a time. The strip is a full page width 
—84 in.—and 4 in. high. 

The American Optical Co. display 
was a crowd pleaser that was designed 
to show the capabilities of fiber optics 
rather than a particular device. For 
example, a visitor could put one end 
of the Fiberscope in his own ear and 
view the aural canal. 

¢ Selling problem—Production bot- 
tlenecks may slow the commercial 
availability of these fiber optic devices. 
In the manufacture of the cathode 
tay tubes, a vacuum seal has to be 
made around each fiber as it passes 
through the tube’s glass envelope. 
Since each fiber may be as small as 
15 microns in diameter, and there 
are thousands of fibers in a faceplate, 
sealing in the vacuum is not easy. 

General Dynamics has built 10 lab- 
oratory models and has had sample 
tubes in operation for about six 
months. Price: about $5,000 apiece. 

e Other displays—a lot of manufac- 
turers took advantage of the expected 
large turnout (the expected attendance 
was 35,000, but just under 30,000 visi- 
tors registered) to introduce new 
products that ranged from complete 
systems to solid state components. 
Among those of most interest in con- 
trol engineering: 

> Iterative analog computer (differ- 
ential analyzer) whose components 
have an accuracy of 0.01 percent and 
whose amplifiers have a bandwidth of 
1 megacycle. Supplier: System Don- 
ner Corp. 

> Frequency sensitive resonant reed 
relay has no electrical contacts. The 
reed acts as a shutter between a light 
source and a photosensor. Special 
combinations can be developed to 
perform logic functions. Supplier: JBT 
Instruments, Inc. 
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Need help in measuring ultra-low temperatures? 


A Honeywell transducer now in the works will accurately measure temperatures as low as 1.1° 
Kelvin. This important new development represents a single concrete result of Honeywell’s 
specialized knowledge of the little-explored world of ultra-low temperatures. Both the knowledge 
and its implementation are at your disposal, in any degree from basic research to custom 
design of equipment to your own specifications. If you’re now involved with liquid hydrogen, 
liquid helium, superconductivity of metals—or any project that may call for measurement of 
temperatures below the range of your present means—Honeywell can help. Write to John 
Moxness, Minneapolis-Honeywell, 151 E. Hunting Park Avenue, Philadelphia 24, Pa. 


Honeywell 
H Fost iw Coitrol 


since tee6 














HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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THE HPS SERIES CYCL-FLEX FOR 


me CONTROL 


permanently 
mounted ond wired 


Yes, our New Cycl-Flex Timer is as easy to adapt and change as a 
simple electric plug. 

_ Don’t let automation troubles get you down! . . . use our New Cycl- 
Flex for TIME CONTROL functions, Should your automatic controls fail 
for any reason, you can trace your trouble by plugging-in a spare timer. 
Movement of the TIME pointer indicates whether trouble is in the input 
or the output circuits. 

Eagle’s New Cycl-Flex Timer has been enthusiastically adapted by 
leading manufacturers of molding presses, dielectric heaters, machine 
tools and feed controls, 

Write for Bulletin 125 or call your local Eagle Representative. He’s 
listed in Sweet’s Product Design File, Section 7d, or in Thomas Register. 


SPECIFICATIONS * 10 sec. to 60 hr. dial © 2 instantaneous switches © 2 delayed 
switches * 12 terminals © Resets in 4 sec. © Mounts in 3'/s” dia. hole 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS AVAILABLE 


inna 
SN = o- YP 


Precision Interval Multiple Circuit Heavy-Duty Step Multi ; . 

i pleCam _Predeterm 

Vamere Timers Switches Timers — “ae 
Timers 


EAGLE SIGNAL COMPANY @ Moline, Illinois 


INDUSTRIAL DIVISION 








A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 
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Britain Revives the 
Airborne Computer 


British are betting that commer- 
cial aircraft will need computers 
for navigation by 1970. 


LONDON— 

Britain’s General Electric Co. is 
flight testing the U.K.’s first airborne 
digital computer designed for aircraft. 
Although elsewhere, enthusiasm for 
such devices has waned with the rise 
of missilery and the decline of mili- 
tary aircraft, the British envision a big 
potential for the transistorized ma- 
chine in aviation—military and civil- 
ian. 

For one thing, Britain is committed 
to manned military aircraft as its main 
aerospace weapon until at least 1970, 
contrary to the missile-oriented plans 
of the U.S. That’s why the Royal 
Air Force has encouraged GEC. In 
fact, The Royal Aircraft Establishment 
at Farnborough cooperated in the de- 
velopment. And then Britain engi- 
neers are betting on a civilian aircraft 
market for such a device by 1970. 

GEC calls its new computer Dexan 
It is somewhat similar in design to 
Verdan, the airborne computer North 
American Aviation built in the U.S. 
The British company claims its ma- 
chine is somewhat faster than Verdan 
since it has an addition speed of 165 
microsec and a multiplication time of 
12 millisec. But performances are not 
comparable because most operating 
characteristics of both are secret. 

Dexan is actually a hybrid machine. 
Computation is carried out both in 
the mode of digital differential analy- 
zetr which calculates increments in 
steps, and a general purpose machine 
operating on whole numbers. Its core 
memory has a capacity of 1,024 20-bit 
words. Production version should oc- 
cupy a cubic foot of space and weigh 
about 50 Ib. 

In first flight tests, the computer 
has served as a navigation center de- 
termining aircraft position from dop- 
pler radar and gyro inputs. Accuracy 
of the computer is said to be “ade- 
quate” and “greater than that of the 
inputs”’. 

Most of the interest in Dexan today 
is military; civil interest is almost nil. 
But GEC feels strongly that by 1970, 
navigational requirements for com- 
mercial aircraft will be so complex that 
some form of computer will be re- 
quired. When the time comes, GEC 
hopes to be ready for the market. 

(For business news turn to p. 148) 
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Here’s how Skinner two-way 


valve design provides long lasting, 


trouble-free operation 


Underwriters’ Laboratories approved 


Stainless steel internal parts resist corrosion 


Forged naval brass body 


Famous Skinner V5 solenoid operator 
Well rounded main orifice and pilot seats 


NORMALLY CLOSED TYPE R2 


Types 


A—Transparent view of normally open 2-way R type 


valve with piped pilot exhaust return 


B—Coil C—Sleeve, plunger and spring assembly 
D—Piston assembly with soft synthetic insert 


When you have high-flow control problems 
at standard or high pressures the new Skinner 
two-way R series valves may be the answer. 
These pilot-operated solenoid valves are de- 
signed for use with air, oil, water, inert gases 
and other common media at operating pres- 
sure differentials of 5 up to 1250 PSI. They 
may be used for all types of control appli- 
cations, such as: in high-pressure lifting, 
commercial laundry equipment, machinery, 
machine tooling, spraying, etc. 

Skinner R series two-way valves have 
forged naval brass bodies to provide a dense 
metal structure and use a foolproof stainless 
steel piston with soft synthetic insert to 
open and seal the main orifice. Types are 
available normally open or normally closed, 


in standard and explosion-proof construction. 

To make installation easy for every appli- 
cation, a wide choice of electrical housing 
options is available. These include JIC, AN 
connector, automotive terminals, etc. All 
housings can be rotated 360°. Manual over- 
ride is also offered to permit manual opening 
of normally closed valves, or closing of nor- 
mally open valves, in emergency. 

Skinner R series valves may be used with 
all common voltages and frequencies and 
there are several coil types such as: varnished, 
molded waterproof, tropicalized and high 
temperature for specific applications. 

The R series, illustrated here, is just one 
in a complete range of 2-, 3- and 4-way 
Skinner solenoid valves. 


TWO-WAY R SERIES SPECIFICATIONS 


R2 R2H 
XR2 XR2H 


RPI 
R2H6 XRP1 





Position 

Pipe Size (NPTF 
Dry Seal) 

Orifice Size 

Cv Factor 


Operating Pressure 
Differential (PSI) 
Minimum 


Maximum AC Service 
Maximum DC Service 


Leakage 


Normally closed Normally closed 


a 


%” 


-758 


5 
1250 
500 


Bubbletight Bubbletight 


Normally closed 


Normally open 


%" Sad 


‘" %e 


758 758 


5 
150 
1000 150 
Bubbletight Bubbletight 


Temperature Range 
(Ambient and Media) 


Minus 40°F to 
plus 180°F 


Minus 40°F to 
plus 180°F 


Minus 40°F to Minus 40°F to 
plus 180°F plus 180°F 














When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. 


SKINNER VAives 


SKINNER ELECTRIC VALVE DIVISION 
THE CREST OF QUALITY SKINNER PRECISION INDUSTRIES, INC. « NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A 





A ‘major advance in Dig ital Control 


WISW LOW COST DIGINAMICS 


DIGITAL TRANSDUCERS 


OFFERING ... 


re) TRUE SYSTEM COMPATIBILITY 


Each component is capable of operating individually or collectively with any digital 
controller or data recorder. Outputs from each component are conventional D-C level 
code. Optional outputs as follows: Parallel, serial (forward or backward) and sample 
storage. 


ra IMPROVED RELIABILITY 


Complete value readout eliminates error often present with incremental readout. Direct 
digital transduction and transmission of relatively high voltage signals require fewer 
piece parts. Error buildup is reduced by eliminating additive conventional analog toler- 
ances. Output signals are capable of transmission over long lines. 


COST-SAVING SIMPLIFICATION 


The usual millivolt switching, operational D-C amplifiers, voltage to frequency convert- 
ers, frequency counters and voltage to digital converter equipments are no longer necessary. 


A Pressure to Digital Transducer — Models 2012-2030 & Temperature to Digital Transducer — Models 3012-3030 
Vacuum, absolute, gauge and differential pressure Direct to 200°F. Remote to 2200°F 
ranges Complete value digital output, parallel or serial 
Complete value digital output, parallel or serial 
D Parallel to Serial Converter (Serializer) — Model 5012 
C Shaft Position to Digital Transducer — Model 4012 Convert any number of parallel bits to serial data 
Forward or Backward rotation — most significant bit first or least significant 
Divides one revolution into 1024 parts bit first ; 
Load torque less than 0.1 gram-centimeters Conversion from reflected binary to binary code if 
Complete value digital output, parallel or serial desired 
Optional sample storage, paralle! or serial output 


CONTROLLER 
~~ «OOR 
DATA 
RECORDER 


Model 6012 


E Sampling Multiplexer — 
Seca solid state 
unit accepts 16 inputs 
Additional inputs may be added in multiples of 16 
Input and output levels adjustable 


Write today for specifications and prices. 





NOTE: 


Units shown in this ad ° 
wi DIGINAMICS sr nema 
Basic units operate over range IGITAL TRANSDUCERS 


—40°F to +158°F ambient. CORPORATION DIGITAL CONTROL SYSTEMS 


Higher temperature ranges 
available. 2525 East Franklin Ave. Dept. Minneapolis 6, Minn, 
~<—CIRCLE 34 ON READER SERVICE CARD CIRCLE 35 ON READER SERVICE CARD 

















General Electric Makes 
Eddy-current-coupling Drives 


And they’re dependable drives. The complete line includes 
water-cooled and air-cooled eddy-current couplings. We 
call them A/WAJROL drives. Ratings are from 1 to 

150 horsepower, operating from standard a-c power. 


A General Electric AWWAJROL rive is not just another 
eddy-current coupling. For instance, in the water-cooled 
coupling, water control is packaged. You’ll see much less 
external piping. Furthermore, the coupling is protected from 
flooding—and the air gaps are dry, preventing corrosion. 


KINAJROL couplings are compact, field proven and 
dependable. General Electric has had a good deal of 
experience in the engineering, manufacturing, and 
application of packaged adjustable-speed drives. And we 
know how important service is to a customer. 


KINAJROL —2 good product, with the kind of service 
you can depend on. Please call your nearest General 
Electric Sales Office for further details. 


“Trademark of General Electric Company 821-07 


AIR COOLED, 7-1/2 te 100 HP WATER COOLED, 25 to 150 HP AIR COOLED, 1 to 5 HP 


DIRECT CURRENT MOTOR AND GENERATOR DEPARTMENT 


GENERAL @ ELECTRIC 


ERIE, PENNSYLVANIA 
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Now Norden binary-coded decimal converters 
for commercial application 


1000 count per turn 
self-contained logic 


self-selecting brushes 
continuous reading at high speeds 
several models in 4 2 2 1 code* 


Norden offers a wide variety of binary-coded decimal 
shaft encoders for commercial applications. These en- 
coders meet or surpass military specifications, and have 
patented, self-selecting V-brush logic. 

Code disc patterns produce a totally unambiguous 
8-4-2-1* binary decimal readout ranging from 2 to 6 
decades. The units can be used for feeding high speed 
computers and servo systems . . . data logging, machine 
tool automation, test stands, flight check-out. Self- 
selecting V-scan increases reliability and life while 
saving space and reducing complexity and cost. Load 
carrying brushes never commutate. These are the only 
encoders that have provision for automatic self-checking 
gating devices for virtually 100% error monitoring. 

*Several models are available in 4-2-2-1 CODE which 
provides a nine’s complement and makes available in a 
single encoder an increasing numerical count for both 
directions of shaft rotation. 


NO. 


-ST2- 
ADC-3-BCD 
ADC-4-BCD 
ADC-5-BCD 
ADC-6-BCD 
ADC-ST3-BCD 


TOTAL 


COUNT 


10 
10¢ 
10° 
10° 
10° 


ADC-5-BCD-1000 10° 


ADC-3-36BCD 
ADC-4-36BCD 
ADC-5-36BCD 
ADC-6-36BCD 


BRL-5 


360 
3600 
36,000 
360,00 


ADC-ST3-368CD 360 
360,000 1 


REVOLU- 
TIONS FOR 
FULL COUNT 


ACCURACY 
(1 part in) 


1 
10 1,000 
100 10,000 
1,000 100,000 
10,000 1,000,000 
1 1,000 
100 100,000 
3.6 360 
36 3,600 
360 36,000 
0 3,600 360,000 
1 360 
360,000 
100 


o Write Norden or call TEmple 8-4471 for complete specifications 


ad ' * 
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*NORDEN division of UNITED AIRCRAFT CORPORATION 


NORWALK, CONNECTICUT 
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Lecture Room panel helps explain process. This plastic, back-lighted flow panel gives visitors a better picture of the waste treating 
operation. The special room can hold up to 80 people. Regularly conducted plant tours help promote good community relations. 





i lade 
~~ 


wee i 


“Char Pa i Cente i io. Plant designers: Consoer, Townsend & Associates, Chicago. 
Cat hes" re ee City “ Telets, Ono fentuntieliaians Fischer & Porter Company, Warminster, Pa. 








“World's Most Glamorous Sewage Plant’ 


Teaches a Lesson In Instrumentation 


Regardless of your process, you’ll get answers that 
ae oars in the tunnel under the tanks, where most of the various 


j i i i flows are measured. Each local contains a Fischer 
will challenge your imagination Porter ép ser, —_ scam 
matic relay, indicating flow gauge and meter manifold. 


Unlikely place to look for instrument answers? Certainly Values of these flows are also transmitted to the central 
’ 2 : panel for recording and totalizing. 
not! Toledo’s new Sewage Treatment Plant is so spic-and- 


be a food processing plant—a refinery—or a laboratory. 
Throughout the system, sharp-eyed Fischer & Porter instru- 
ments monitor the 50 million gallons per day effluent flow 
and meticulously record all phases of the operation. And in 
the “Chart Room” shown at left, a graphic panel traces the é 
entire process, while all key fluid flows are recorded and a 

totalized on miniature F&P instruments. Operators and 

management alike check out the many process flows from 

this central control room in the compressor building. 


Meet Me at the Sewage Plant 
Most Any Afternoon! 


’ 


span modern—and so precisely instrumented—that it could j A | 
= | 


Amazing—the number of people who gather to spectate at 
Toledo’s Sewage Plant! Engineers. Technologists. Process 
Men. People like yourself. An illuminated, color-coded flow 
panel installed in the Lecture Room makes it easy to under- 
stand the process. Switches on a nearby desk illuminate flow 
lines in different colors. 


Precise Pollution Control—No Maintenance 


Operators report that F&P equipment—from flow meters 
to O-R-P unit to chlorinators—functions perfectly, month 
in and month out. With only one technician riding herd on 
instrumentation and all electrical work. Negligible instru- 
ment service time makes his primary electrical job easy as 
rolling off a “log.” 


So that’s the Toledo Sewage Plant story—and here’s the 

moral: On your next control system, contact Fischer & 

Porter— where you get true unified responsibility from 

design through operation. For our over-all story in brief, 

write for a copy of Catalog 310. For a discussion of your 

specific control problem, call your nearest F&P field engineer. wy 

Fischer & Porter Company, 801 County Line Road, complete the treatment. Two F&P 6,000 


Warminster, Pa. In Canada: write Fischer & Porter (Canada) ote Soe eg sae vahanllaeneerne a 


Ltd., 2808 Jane Street, Toronto. the top floor of the laboratary building. 


Mm FISCHER & PORTER COMPANY 


A world-wide Instrument Company with plants in Australia, Canada, England, France, Germany, Holland, Mexico and the United States. 
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/ LAMBDA 


Power Supplies 


guaranteed 


for 


years 


Every Lambda power supply carries a written guarantee that 
it will perform to specifications for five full years. You can 
install power supplies now with complete assurance that they 
will still perform to design standards in 1966. Lambda’s 
guarantee, which covers workmanship and materials (except 
for tubes and fuses), has been in 

effect on all power supplies sold since 


1953. It is your strongest assurance 
of power supply performance in . ALL-TRANSISTORIZED 


installations where dependability is LAMBD LA SERIES 


an absolute necessity for round-the- Mies Aedels dveiable 


clock, heavy-duty service. _ ~ Voltages up to 330 VDC—Currents up to 20 Amp 
SEND FOR NEW LAMBDA CATALOG 61 ie | Convection Cooled—Short Circuit Proof 


LAM BDA evecrronics corp. 


515 BROAD HOLLOW ROAD « HUNTINGTON, L.I., NEW YORK « 516 MYRTLE 4-4200 


Western Regional Office: 230 North Lake Avenue, Pasadena, California +» Phone: Code 213, MUrray 1-2544 
New England Regional Office: 275 Boston Post Road, Mariboro, Massachusetts + Phone: Code 617, HUntley 5-7122 
Middle Atlantic District Office: 515 Broad Hollow Road, Huntington, L. I., New York « Phone: Code 516, MYrtie 4-4200 
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The unique direct-carbon-transfer writing method 
produces a trace from 2 to 3 times finer than any other 
direct-writing technique. This allows twice as many 
lines per millimeter ...twice the definition! Resolu- 
tion is unsurpassed . .. each line is uniform in width and 
contrast, revealing the most minute variations in the 
phenomena measured with utmost fidelity. This writing 
technique combined with the advanced pen-motor 
design produces a wider frequency response at larger 
amplitudes. Continuous recording of data can be dis- 
played simultaneously on 8 channels...up to 8 inde- 
pendent event markers can be added. Ten chart speeds — 
0.1 to 500 mm/sec — provide a 5000:1 chart speed ratio. 
The AO Tracemaster has become the new standard of 


performance for these and many other reasons . . . write 
now for the full story! 


See the AO TRACE MASTER... plus other advanced 
direct writing recorder instrumentation at N.E.¢ 


Booth 242 and N.E.R.E.M. Booth 804 


American & Optical 
COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK: 
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off with the OLD... 
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*“MAG-PIPE” Magnetic @ CENTRALIZED CONTROL ROOMS 
Flowmeter Transmitter | ¢ Use OF MINIATURE INSTRUMENTATION 


permits Se a a ee el @ TRANSMISSION UP TO 10,000 FEET 
WITH 1/2% ACCURACY 


“Taylor /nsteuments 


CONTROL ENGINEERING 





on with the NEW! 





New Taylor “MAG-PIPE”* Magnetic Flowmeter Transmitter 
permits use of miniature instruments to $ave Panel $pace 
... and, for the first time, gives High-Accuracy Transmission 


Over great distances... 





Not only does this outstanding new Taylor flow trans- 
mitter give you a very high degree of accuracy, it also 
permits conservation of panel space by use of miniature 
instruments, and transmission over greater distances. 
Designed to measure flow of fluids with an electrical 
conductivity as low as that of distilled water, it is ideal- 
ly suited for very low flows, viscous liquids and liquids 
containing suspended solids. The flow is in no way 
restricted by the primary element. 

The “MAG-PIPE” sensing head is mounted in the flow 
line. It comprises a flow pipe, an AC magnetic circuit and 
two electrodes. Sensing head housing is “hose-down 
proof” (explosion-proofing optional), and has lapped 
joint (Van Stone type) flanges for easier installation. 


712NE “MAG-PIPE” 
Sensing Head 


The transmitter employs solid state components, be- 
ing fully transistorized for long-term reliability. It is 
standard in fixed-range form, in which case calibra- 
tion is factory set at the desired range. Optionally 
available with a full-scale vernier adjustment and a 2- 
position range switch to measure any range between 
1 and 30 ft./sec. A built-in output meter doubles as 
circuit checking device. 

The “MAG-PIPE” Flowmeter Transmitter is in pro- 
duction. Consult with us on your difficult flow measure- 
ment problems. See your Taylor Field Engineer or 
write for Bulletin 98418. Taylor Instrument Compan- 
ies, Rochester, N. Y., and Toronto, Ontario. 


717TE “MAG-PIPE” 
Transmitter 


OUTSTANDING FEATURES 


e High accuracy—one-half percent of full scale on most ranges « Full scale velocities 


as low as ‘2 ft./sec. at only slightly reduced accuracy « Conductivity range — as low as 


distilled water « Rangeability— 2 to 30 ft./sec. full scale calibration, continuous vernier 


adjustment « Amplifier— solid state « Output signal—1-5 ma DC into any load from 
0-3000 ohms. (Electro-Pneumatic Transducer or TRANSCOPE Electronic Contro/ System). 


*Trade-Mark 


MEAN ACCURACY FIRST 
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H<reisone way in which an oscilloscope 

can be used to solve a mechanical prob- 

lem... 

In evaluating a pilot model of a 2500-pound- 

capacity Lift Truck, HYSTER COMPANY 

Proving-Ground Engineers wanted to 
monitor pressure surges in the hydraulic system against 
a standard of engine speed. 
To observe both actions simultaneously, they incorporated 
a Tektronix Type 502 Dual-Beam Oscilloscope in a specially- 
designed, precision-measurement field console. 
Using strain-gage techniques in testing the oil lines of the 
hydraulic system, the Proving-Ground Engineers were able 
to display and measure precise changes occurring during 
lifting and lowering under various load conditions. 
For your own mechanical applications—in displaying in- 
formation from strain gages, accelerometers, thermo- 
couples, pressure transducers, differential transformers, 
similar devices—or your medical applications or laboratory 
applications demanding dual-beam displays on linear 
time bases at high sensitivity ... or dual-beam X-Y displays 
at medium sensitivity . ... or single-beam X-Y displays at 
high sensitivity ... please consider a Tektronix Type 502 
Dual-Beam Oscilloscope. photographed at HYSTER COMPANY PROVING GROUND, Portland, Oregon 


YE THE YP 
| SCOPE IN YOUR OWN 
APPLICATION EASE 


KTR NIX 


‘ 


Tektr onix, INC. P.0. 80x 500+ BEAVERTON, OREGON / Mitchell 4-0161 - TWX-BEAV Sf + Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerq Mex, + * Baltimore (Tow Md. + B 
Denver, Colo. « Detroit (Lathrup Vil nsboro, N © He 

i st Los Angeles) + Minneap «WM Canada « New York City Area (A 
Portiand, Oreg. » Poughkeepsie, N.Y o, C sco, Calif. Area (Lafayette, Palo Alt V 
ENGINEERING REPRESENTATIVES: Kontrc aii Ltd., Honol wail. Tektronix is represented ve overseas countries by alifled eng } anizat 

European and African countries, the countries of Lebanon and Turkey, contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg 1A, Zug, Switzerland, for the name of your local engineering representative. 
Other Overseas areas, please write or cable directly to Tektronix, Inc., International Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 


Park Ridge) Il!, « Cleveland, Ohio « Dallas, Texas « Dayton, Ot 
sic Kan. « s Angeles, Calif. Area (East Los A tes 
L deiphia, Pa. « Phoenix (Scott 
anada « Washington, 0.C. (Annandale, Va 
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ak Ni i Now ... at no increase in cost over previous fixed head designs... 


Bryant announces the first flying heads for magnetic drums offering 
complete protection from drum damage due to environmental conditions 
or human error. Their features include: 


Non-contact, start-stop, fail-safe design 
Improved resolution (300 bits/inch standard) 
Adjustability to match playbacks 


« 
* 
a 
NEW LOW- COST @ Unlimited recording modes 

@ Inductance variable to match user circuitry 
FAIL ii SAFE @ Complete head shielding for reduced crosstalk 

@ increased track density (to 64 tracks/inch) 
FLYING HEADS See your Bryant Representative today, or write direct 


High Density Playback Wave Forms 


Upper trace 
Playback at head, 50 millivolts/cm 


Lower trace 
Playback from amplifier: 5 volts/cm 


Conditions 
350 PPI, phase modulation 
500 KC, 1416 in/sec surface speed. 


COMPUTER PRODUCTS 


Disc File and Magnetic Drum Memories for Every Storage Application 
852 Ladd Road «+ Walled Lake, Michigan + MArket 4-4571 ae 





A DIVISION OF EX-CELL-O CORPORATION 


61-40 CP 
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Tomorrow's tubing technology —today 


Superior’ broad line 
simplifies selection of 
small-diameter tubing 
for instrumentation 


Indicating, recording and controlling instruments, more than 
any other type of precision products, demand fine-quality 
small-diameter tubing. It can be used for three major appli- 
cations: (1) as conveyors for the liquid or gas which operates 
the fluid-filled systems; (2) as strong, light structural ele- 
ments in linkages, pointers, pen tips and other parts; (3) as 
special-purpose elements, such as torque tubes, Bourdon 
tubes, bellows and thermocouple sheathing. 


To satisfy the instrument designers’ and makers’ require- 
ments for small-diameter tubing, we offer a broad line of 
specialty tubing — thermometer bulb, capillary, Bourdon, 
torque, bellows, thermocouple protection, fire detection, link- 
age and recording pen; also tubing for thermocouples and gas 
chromatography. We offer a wide variety of materials, too. 
Moreover, we have the metallurgical competence and manu- 
facturing skills to save experimentation in the design stage 
. . . time and money in production. Bulletin 380, “‘Specialty 
Tubing for Industrial Instrumentation,” gives details. Write 
for your copy today. Superior Tube Company, 2026 German- 
town Ave., Norristown, Pa. 
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CAPILLARY TUBING 

We have devoted years to the development of manufactur- 
ing processes and quality control procedures for the pro- 
duction of close tolerance capillary tubing. ODs range up 
to %« in., IDs from .004 through .040 in., lengths up to 
3000 ft. Analyses include Types 304, 316, 321, 347 and 
446 stainless; also Monel,’ Inconel,’ nickel and carbon 
steels. 


BOURDON TUBING 

A wide range of materials, including beryllium copper, Ni 
Span C,! K Monel,? 4130 alloy steel, stainless steels and 
Inconel X.! All are free of inclusions and seams, carburiza- 


tion and decarburization, rough and corroded surfaces, and 
variations in wall thickness. All offer good creep resistance, 
low hysteresis, nonrejaxation and excellent fatigue life. 


LINKAGE TUBING 

Hypoflex,® our stainless steel Type 304 needle tubing, is 
widely preferred due to high strength and corrosion resist- 
ance. Other materials frequently specified to meet partic- 
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ular corrosion requirements are Monel, A Nickel,' Inconel 
and titanium. ODs under .250 in., and walls thin as prac- 
ticable, i.e., from .015 to .035 in., are usually specified. 
But any OD, ID or wall within our range can be had. 


RECORDING PEN TUBING 

Of the Stainless 300 Series, our Hypoflex tubing is most 
frequently chosen. Other desirable materials are nickel, 
Monel, Haynes 252 and Inconel. Generally ODs from .028 
to .050 in., walls from .00625 to .0085 in. are found to 
promote the best flow rate for ink-carrying systems. In 
some cases a smaller tube is required for the pen point. 


'Registered TM International Nickel Company ?7Registered TM Haynes-Stellite Co. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 
West Coast: Pacific Tube Company, Los Ange/es, California 
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DEVELOPING THE WORLD’S SMALLEST NUCLEAR REACTOR POWER PLANT 


In the next decade, man will enter the vast new world 
of outer space. An important factor in his ability to fully 
utilize this new environment will be auxiliary electrical 
power. Atomics International is developing SNAP (Sys- 
tems for Nuclear Auxiliary Power) reactors for the AEC 
which will generate many kilowatts of electricity, operate 
unattended for long periods in space and weigh only sev- 
eral hundred pounds. 

Compact reactor projects at AI provide challenging 
opportunities for engineers and scientists interested in 
contributing to the practical utiljzation of space. Positions 
are available in the following areas: 


Heat Transfer. Engineering analysis in the fields of heat 
transfer and fluid mechanics. Responsibilities will include 
systems engineering studies on the thermal, hydraulic and 
thermodynamic performance of advanced reactor systems. 


Systems and Control Analysis. Analysis and simulation 
of complete nuclear power plants to develop reliable, un- 
attended, automatic control and instrumentation systems, 
including reactor kinetics, dynamics, stability and thermal 
characteristics and reliability analysis. 


Reactor Analysis. Complete nuclear thermal and struc- 
tural analysis including criticality, flux and power distri- 
butions and fuel cycle analysis. 


Reactor Operations Evaluation. To establish detailed 
operating procedures, direct operations, and evaluate the 
performance characteristics of compact, lightweight 
nuclear systems for space applications. 


Metallurgical Development. Several years experience in 
the application and usage of high temperature radiation 
resistant materials, including the joining of these mate- 
rials. For application to the development of advanced 
lightweight control systems, pumps, thermoelectric gen- 
erators, etc. 


Preliminary Design. Several years experience in reactor 
systems analysis and design with interest and ability in 
preliminary analysis and design of advanced nuclear sys- 
tems for space and terrestrial uses. 


Please contact: Mr. C. K, Newton, 
Personnel Office, Atomics International, 
8900 DeSoto Avenue, Canoga Park, Calif. 


All qualified applicants will receive consideration for employment without regard to race, creed, color, or national origin. 


ATOMICS INTERNATIONAL &f¥ 


DIVISION OF NORTH AMERICAN AVIATION 
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. . . with Sanborn® High, Medium or Low Gain 
8-Channel Amplifiers and Flush-Front Recorder 
in only 32” of panel space 


In the 32” pane! space version, Sanborn 
16-channel direct writing systems use a 
flush-front 358-16 Recorder and any two 
“950” series 8-channel amplifiers — avail- 
able in transistorized high and medium 
gain types with floating and guarded in- 
puts, low gain with high resistance bal- 
anced to ground inputs. Max. sensitivities 
are 20 uv/mm, 1 mv/mm and 20 mv/mm 
for high, medium and low gain systems. 
Frequency response ranges for the three 
are 100, 125 and 125 eps. Recorder has 9 
chart speeds, 8” of visible record, inkless 
recording in true rectangular coordinates 





on Sanborn Permapaper® charts. 


RECORD 16 VARIABLES 


wey INDUSTRIAL DIVISION 


SAN BORN 
COoOnmMPANY 


175 Wyman St., Waltham 54, Mass. 


on a single 16” chart 


. . . With 8 channels identical, 8 more with 
miniature plug-in preamplifiers for greater 
flexibility 


Fight interchangeable, plug-in ‘850’ 
preamplifiers, each with 7” x 2” panel, plug 
into chassis with common power supply. 
Available types are Phase-Sensitive De- 
modulator, DC Coupling, Carrier and Low 
Level; MOPA available for Carrier and 
Low Level excitation. Frequency response 
is DC to 125 eps, 3 db down at 10 mm 
peak-to-peak depending on type of pre- 
amplifier. Linearity is better than 0.5%. 
Inputs are single-ended, floating and 
guarded, or push-pull, depending on type 
of “850” preamplifier used. Remaining 
eight channels can comprise any 8-channel 
“950” amplifier. 





With each of these systems, you have a choice of vertical or hori- 
zontal chart plane recorders. Flush-front vertical recorder (“‘350” 
style) has electrical speed shift, requires only 1744” vertical panel 
space. Horizontal recorder facilitates viewing and making notations 
on record, occupies 2114” of panel space, has mechanical speed shift. 
Both recorders have velocity feedback-damped galvanometers . . . 
automatic stylus heat control . . . separate timer /marker stylus .. . 
inkless direct writing on quick loading, rectangular coordinate charts 
with 20 mm wide channels. 


For complete specifications and application engineering assistance, contact your nearest Sanborn, 
Sales-Engineering Representative. Offices throughout the U. S., Canada and oocign countries, 
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find the 
solution to 
your printing 


Other Clary printers include: 


TIME-DATA PRINTER. Accepts remote 
source information, records it with 
exact time to nearest second. 


text, 


TAPE PERFORATOR. Records data on 
punched tape. Has self-contained 
power supply, parallel to serial con- 
vertor. 


PRINTING TIMER. Measures and prints 
elapsed time and sequential number 
of operations in series. 


a 


INPUT DATA UNIT. Works with any 
computer, check-out, data-logging, 
testing, or other system. 


COMMERCIAL PRINTER. Utilizes the Mil- 
itarized printer’s principle of reli- 
able high-speed motion. 


Let Clary help you solve 


MILITARIZED PRINTER: 


Uses an exclusive printing 
method that ends critical 
timing problems, messy 
ribbon changes, bleeding 
of ink into paper. Prints up 
to 21 characters per line, 
600 lines per minute. 
Withstands 50G shock, 
prints in sub-zero tempera- 
tures, and under other 
extreme conditions. Used 
on new nuclear subs, and 
on the Polaris, Minuteman, 
Atlas missile programs. 


SCANNING PRINTER: 


Accepts decimal and binary 
coded data on the same line, 
at no extra cost. Operates 
directly from the voltage 
output, draws negligible 
power from data source. 
Color-prints outputs from 
digital voltmeters, shaft 
position transducers, 
electronic counters, digital 
clocks, etc. at 3 lines per 
second, with 12 digits per 
line capacity. Fewer 
moving parts make it more 
reliable. 


SOLENOID PRINTERS: 


One of the world’s largest 
selection of standard, serial 
entry, and parallel entry 
printers. Choose the exact 
one you need for your 
business, industrial, or 
instrumentation application. 
Simple circuitry, engineer- 
ing experience make them 
more reliable; production- 
line economies make them 
lower in cost. Seven-day 
delivery, or custom-designed 
to your specification. 


your printing problems. 


Just write or call direct. San Gabriel, California 


Canada: Computing Devi of Canada, Ltd., Ottawa 
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& 218AR Digital Delay Generator 
produces crystal controlled pulses 
accurately spaced in time. Pulses or 
time intervals are initiated by an internal 
rate generator or an external trigger. 
The instrument is thus both a digital 
delay generator and an extremely high 
accuracy laboratory pulse generator. 








wal) © 





Time measurement and pulse simulation in radar, set counter, and two independent output pulses 
loran, Tacan, DME, oscilloscopes, computers, are available in any relationship. 

of time measurement single- or double-pulse Sse wiaiiaed tilit PO 
simulation is now yours quickly and accurately a. pe att eaeuaranion 4 ania by are, Sande 
with © 218AR Digital Delay Generator. pulse generators. These include ® 219A, supply- 
Built along strict military standards, ® 218AR ing two positive pulses, ® 219B providing two 
uses a pulsed crystal oscillator synchronizable pulses, eaca: positive or negative and variable 
in constant phase with an initial trigger pulse in amplitude, ® 219C, providing a high power 
(zero time) to position the two terminating pulse, positive or negative, digitally controlled 
pulses. Time is counted with a 1 megacycle pre- as to delay and duration, variable in amplitude. 


Condensed Specifications 


(Basic 218AR Generator; plug-ins essential) 


Time interval Range: 1 to 10,000 zsec Recovery Time: 50 usec or 10% of interval, 
Accuracy: + 0.1 usec + 0.001% ones Gidea Bh yp agent — nasil 
a . ync Output: Vv pos. pulse, 0.1 usec rise time 
Digital Adjustment: 1 wsec steps, full range “ j 
Interpolation: Variable 0 to 1 usec 1 MC Output: 1 v pulses, 500 ohm impedance 


Price: -hp- 218A, $2,000.00 
input Trigger: internai 10 cps to 10 KC; P< 219A Boe Trigger Unit, $100.00 
External 0 to 10 kc pulses, -hp- 219B Dual Pulse Unit, $450.00 
also sine wave np. 219C Digital Pulse 
Jitter: 0.02 usec or less uration Unit, $350.00 


Data subject to change without notice. Prices f.o.b. factory 


HEWLETT-PACKARD COMPANY 


1010H Page Mill Road + Palo Alto, California, U.S.A. 
Cable “HEWPACK” + DAvenport 6-7000 


Field representatives in all principal areas 


hp) World leader in precision electronic counting 
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CREATIVE CONTROVERSY 
IN INERTIAL GUIDANCE 


Behind the inertial package you see 
here is the instructive history of a 
creative controversy. 


It’s the history of how the ingenious 
rebuttals of some Litton Systems 
people won an engineering debate 
by overcoming certain obstacles 
that had been roadblocking prog- 
ress in airborne inertial navigation. 


The equipment shown is the stable- 
platform unit of a Litton LN-3 
navaid system, first to furnish op- 
erational aircraft with inertial navi- 
gation information to an accuracy 
within 1.5 nautical miles for each 
hour of varied flight maneuvers. 


The debate: It had been known 
that an inertial platform could be 


built around two two-degree-of- 
freedom gyros in place of the three 
one-degree-of-freedom gyros that 
were the standard concept. And 
that such a change would offer a 
number of important advantages 
including high gyro angular mo- 
mentum in a compact platform, 
better servo response characteris- 
tics, and freedom from air-bubble 
problems achieved through the use 
of low-viscosity damping fluid. 


Many inertial engineers felt strongly 
that the difficulties encountered in 
trying to manufacture two-degree- 
of-freedom gyros would more than 
offset the promised benefits. The 
difficulty regarded with the most 
superstitious awe was the problem 


L-R: BRUCE SAWYER, HEAD OF ELECTROMECHANICAL ENGINEERING DEPARTMENT; GEORGE NORTHWAY, HEAD, GIMBAL SYSTEMS 
ENGINEERING; HAROLD ERDLEY, DIRECTOR OF ELECTROMECHANICAL PRODUCTS, GUIDANCE & CONTROL SYSTEMS DIVISION. 


























GUIDANCE & CONTROL SYSTEMS 
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SPACE SCIENCE 


+ BIOELECTRONICS - 


of adjusting the center of gravity, 
center of buoyancy and total weight 
of the float containing the gyro to 
achieve neutral buoyancy at a speci- 
fied temperature and zero torque 
about all three axes, within ex- 
tremely narrow tolerances. 


The additional restriction, that the 
weights placed on the float for bal- 
ancing shall fall between a mini- 
mum and a maximum allowable 
size, increases the complexity of the 
actual balance procedure, placing 
it in the “linear programming” cate- 
gory from a computer standpoint. 
The problem was solved by being 
programmed for solution on a digi- 
tal computer in order to provide an 
efficient and reliable balancing 
process in production. The success 
of this approach is demonstrated 
by the world-wide operation of 
the Litton LN-3 aircraft naviga- 
tion system, a proven lightweight 
system of high accuracy that uses 
two-degree-of-freedom gyros. 


The same approach is being used to 
expedite the development of even 
more advanced systems, which will 
assure Litton’s dominant position in 
the field. They include the Litton 
Doppler-Inertial System for the P3V 
anti-submarine patrol aircraft and 
the P-300 inertial platform of the 
Air Force Flight Data System for 
orbital and sub-orbital vehicles. 


It’s good to work in the atmosphere 
engendered when management fully 
appreciates the value of creative con- 
troversy that produces such results. 
Like-minded design and production 
engineers with applicable experi- 
ence couldn't do better than to con- 
tact N. M. Pagan, Litton Systems, 
Inc., Guidance & Control Systems 
Division, 5500 Canoga Avenue, 
Woodland Hills, California. 


An equal opportunity employer 


LITTON 
SYSTEMS, INC. 


A DIVISION OF LITTON INDUSTRIES 
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By avoiding knife edges, bearings and associated 
pressure-tight mechanical fittings, K & M has achieved 
almost frictionless operation in the Flexotrol Dis- 
placement-Type Liquid Level Controller. As a result, 
errors due to friction, distortion and hysteresis are 
practically nil. 


Actuation is accomplished through a torque element 
which directly transfers displacer movement to the 
controller. There are no intermediate levers. Because 
the rotation of the tube is limited (4°) and because the 
whole assembly is constructed of high-durability ma- 
terials, the torque system has remarkable fatigue 
resistance. Tests in excess of five million operating 
cycles have produced no detrimental fatigue effect. 


diaphragm control valves 
Our 80th Year 


1961 


-»+ “Frictionless” design gives 


Flexotrol* longest life, 





Stability and accuracy of 


any displacement level controlier 


The controller unit utilizes conventional 3-15 psi 
signal air pressure, has a 0-150% adjustable propor- 
tional band, may be direct-, reverse- or snap-acting 
without parts change The Flexotrol Level Controller 
can also be converted to a transmitter-controller com- 
bination Automatic reset and rate response are 
optionally available 


Full details are given in Bulletin 
456-1. A copy is yours for the asking. 


*Flexotrol is a trade-name of Kieley & Mueller, Inc. 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve 
64 Genung Street, Middletown, New York 
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anufacturer 


Painting in background: “The Piping Shepherd,” by Sir Joshua Reynolds, P. R. A. (1723—1792) 
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New cost savings for 
users of dielectric materials 


...@ progress report on the MYCALEX METHOD 
from Jerome Taishoff, President, Mycalex Corporation of America 


“I don't have to tell you about the profit squeeze. It’s 
a hard fact-of-life throughout our industry today. 
That's why we feel the MYCALEX METHOD-—the 
unique molding and finishing technique we recently 
developed—offers so much promise. 


Sample quotations point to cost savings up to 84% 


“The many months spent in the developing of this 
new process enable us to turn out better-performing 
products for less: savings we, in line with our policy, 
will pass along directly to our customers. And those 
savings promise to be substantial! Note the typical 
parts shown in the photograph below, as well as the 
two mechanical diagrams. As you can see, this new 
production technique reveals cost reductions of 78% 
and 84%, respectively, when compared to previous 
cost quotations.” Just as important, the savings are in 
addition to the high reliability SUPRAMICA® cera- 
moplastics and MYCALEX® glass-bonded micas are 
noted for. 


We are exhibiting at the N.E.C. Show 
Booth 346-348 + Oct. 9-11 * Chicago, Iti. 


General Offices and Plant: 127 Clifton Boulevard, Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


World's largest manufacturer of ceramoplastics, giass-bonded mica and synthetic mica products 


1961 


Savings plus quality with the MYCALEX METHOD 


Though these intricate parts now cost much less to 
make—they offer the temperature endurance, total 
dimensional stability, high dielectric strength and 
low loss that SUPRAMICA and MYCALEX formula- 
tions have been delivering for years. 


Choose from any of these famous materiais 


SUPRAMICA 620 “BB”, 560 and 555 ceramoplastics 
and MYCALEX 410 glass-bonded mica. Maximum 
Temperature Endurance (unstressed): 1200, 930, 
650 and 650°F; Loss Factor (10° cycles/sec. ): 0.020, 
0.010, 0.013, 0.010; Compressive Strength (psi): 
30,000, 25,000, 40,000 and 40,000, respectively. 

So for electronic insulation materials with the high- 
performance properties you must have—at a profit- 
protecting price — look into the new MYCALEX 
METHOD. Send your blueprints and drawings for 
specific quotations and information. 





84% LOWER IN PRICE 
> oh. —— 


.225 


a 


























MYCALEX( 


CORPORATION OF AMERICA 
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Automatic Switching 
Eliminates 


Matching of Pressures wi 


New Honeywell PneumatiK Tel-O-Set Instrumentation 


Honeywell brings new features, new performance to small case 
instruments with the introduction of PneumatiK Tel-O-Set Instrumentation. 
Here are just a few of the many new features: 


Automatic Switching Just a flip of the control lever switches the instrument 
from automatic to manual or vice versa. There are no bumps, no 

delays, no matching of pressures required. This simplified switching makes 
cascade control systems practical for the operator. 


Easily accessible adjustments Zero and damping adjustments to pen 

can be made while the pen is recording. Effects of adjustments can 

be seen while they are being made. Since it is not necessary to withdraw the 
recording chassis to make adjustments, there is no possibility of 

causing a pen zero shift. 


Interchangeable chassis and controllers Recording and indicating chassis 
are interchangeable. Just pull out one chassis and plug in the other. 
Quick-connect air terminals eliminate the need for tubing connections. Two- 
and three-mode controllers with backset adjustments are also 

completely interchangeable. 


Easy-to-read, easy-to-change 4-inch charts Pen position on the 4-inch 
chart permits instantaneous reading of variables at all times. Pen arm 
design also permits rectilinear recording. Front-loading, tilt-out chart 
drive makes it easy to change chart rolls in a matter of minutes. 


All cases fit 6 x 6 cutouts All models fit standard panel cutout of 
6” x 6”. Overall dimensions: 634” wide; 714” high; 1514” deep. 


Calibrated control adjustment Adjustments to controller can be easily 
made from back of the panel by removing controller cover. Calibrated 
dials for each adjustment ensure precise setting of proportional band, reset 
and rate values. Optional front-set control adjustments make it easy 

to set control from front of panel. 


Easy to remove components To remove any particular component 
from the case, it is only necessary to loosen a screw or lift a latch. 


HANDY SERGI TRATOR. IN-PRINT Get the full story 

on new Honeywell PneumatiK Tel-O-Set 
Instrumentation by writing for this handy 
ti demonstration-in-print. This booklet covers in words 
and pictures all the important installation, operation 
| _ and maintenance features of the new line. It will 
help you evaluate the many advantages PneumatiK 
: " ===  Tel-O-Set holds for your process. Send for it 
‘allan Sienenaveize- HONEYWELL, 4401 Wayne Avenue, 
Philadelphia 44, Pa. In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing 
in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Available in 7 JEDEC types. ; 
Shown above, 2N681 Trinistor Is enlarged 6 times. quem 


vay 





SEMICONDUCTOR NEWS: FROM WESTINGHOUSE AT YOUNGWOOD 


Westinghouse announces new 16-amp 
“Rock-Top” Trinistor controlled rectifier 


Proven “Rock-Top” quality is now available in JEDEC 2N681 Trin- 
istor Controlled Rectifier series! These latest additions to the West- 
inghouse power semiconductor family incorporate the field-proven de- 
sign features of the broadest line of medium and high-power switching 
devices. Such features as hard-soldered junctions and hermetically 
welded cases provide an extra assurance of reliability at no extra cost. 
Additionally, each device is 100% tested to maximum ratings. These 
new devices from Westinghouse, world leader in silicon technology, are 
backed by production experience with high-power semiconductors for 
military and industrial applications. 


Westinghouse 2N681 series Trinistors are ideal for such applications as: 


motor speed control = temperature control «» inverters « static 
switching. For more information, or technical assistance, call or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, 
Penna. You can be sure...if it's Westinghouse. SC-1049 





For prompt delivery, order from these Westinghouse distributors: 


EASTERN HALLMARK INSTRUMENTS CORP. Dallas, Texas/R! 7-8933 
ACK SEMICONDUCTOR INC. Birmingham 5, Ala./FA 2-0588 INTER-STATE RADIO & SUPPLYCO. Denver 4, Colo./TA 5-8257 
CAMERADIO Pittsburgh, Pa./EX 1-4000 LENERT CO. Houston, Texas/CA 4-2663 
CRAMER ELECTRONICS, INC. Boston, Mass./CO 7-4700 MIDLAND SPECIALTY CO. El Paso, Texas /KE 3-955 
ELECTRONIC WHOLESALERS, INC. Melbourne, Florida/PA 3-144] Phoenix, Ariz./AL 8-82.‘ 
GENERAL RADIO SUPPLY CO. INC. Camden, N. J./WO 4-8560 Albuquerque, N. M./CH 7-02 % 
GENESEE RADIO PARTS CO. Buffalo, N. Y./TR 3-961 RADIO DISTRIB. CO. indianapolis, Ind./ME 7-5571 
KANN-ELLERT ELECTRONICS, INC. Baltimore, Md_/TU 9-4242 SEMICONDUCTOR SPEC., INC. Chicago, It1/NA 2-8860 
MILGRAY ELECTRONICS New York, N. Y./RE 2-4400 S. STERLING CO. Detroit, Mich. /BR 3-2900 
RADIO & ELECTRONIC PARTS CORP. Cleveland, Ohio/UT 1-6060 UNITED RADIO, INC. Cincinnati, Ohio/MA 1-6530 
SCHWEBER ELECTRONICS Long Island, N. Y./P1 6-6520 
Silver Spring, Md./JU 5-7023 WESTERN 


ALMAC ELECTRONICS CORP. Seattle, Wash./PA 3-7310 
MIDWESTERN ELMAR ELECTRONICS Oakland, Cai_/TE 4-3311 
E.C.1. SEMICONDUCTORS, INC Kansas City, Mo./WE 1-0829 HAMILTON ELECTRO SLS, Los Angeles, Cal_/BR 2-9154 
ELECTRONIC COMPONENTS FOR INDUSTRY CO. Palo Alto, Cal/DA 1-7541 

St. Louis, Mo./WO 2-9916 NEWARK ELECTRONICS CO. Inglewood, Cai_/OR 4-8440 
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HOW 
10 
MULTIPLY 


ENGINEERS 


One engineer and an EAI PACE TR-10 transistorized desktop analog computer can be the equal of several men 
limited to conventional design tools. The TR-10 multiplies the design capabilities of the most able engineer. One 
TR-10, equipped with a removable patch panel, will serve the needs of a roomful of engineers. This new patch panel 
permits pre-patching of programs away from the computer. It plugs into the computer instantly — valuable 
computation time is conserved. ™ Versatility of the TR-10 is unequalled. Unique simplicity makes it excellent for 
students or engineers unfamiliar with analog techniques. Accurate to a tenth of one percent, the TR-10 performs 
admirably for the experienced user in 95% of routine engineering problems. And with High-Speed Repetitive 
Operation added, or with several units slaved to operate as one, the TR-10 meets the demands of many advanced 


applications. ™@ For technical data on this almost infinitely versatile computer, write for Bulletin No. AC 934. 


FAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 


Leader in Analogics Analog/Digital Computers Data Reduction Process Control Instruments Computation Service 
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INDUSTRY’S 


Selling Electronics 
to Industrial 
Control Users 


To many electronic manufacturers, the industrial market out- 
side the electronic industry is turning out unexpectedly difficult 
to crack. It is like a mirage: tempting, fabulously rich-looking, 
but apparently unreachable. When the seller closes in, the 
market seems to disappear. 
What’s wrong, a market research project* hypothesized last 
month, is that many electronic manufacturers are not well enough 
acquainted with the customs and practices of this broad indus- 
trial market. And the makers are not patronizing the best chan- 
nels of distribution. 
The study took a look at three promising kinds of customers: Three 
raw materials processors, original equipment manufacturers that kinds of 
_ customers 
might incorporate electronic goods into their end products as 
well as use them in manufacturing, and general manufacturers 
and fabricators that might employ electronic devices and controls 
in the manufacturing process. It found a promising market: 


1958 1958 
Customer No. of Units Capital Expenditures Control Purchases’ 





Raw materials processors 9,267 $3,203,521,000 $208,000,000 
Original equipment mfg. 18,688 623,273,000 149,500,000 
General manufacturers 46,244 1,076,608,000 258,000,900 





74,199 $4,903,402,000 $615,500,000 


* Estimated; includes instrumentation and measurement equipment. 


Not all the products in the control purchases are electronic. 
Pneumatic, hydraulic, mechanical, and electrical controls are still 
popular with these customers. 

Such popularity, in fact, highlights one of the selling reasons Wrong 
electronic manufacturers may have difficulty cracking this market: buying 

nfluences? 

many makers ignore it and try to reach imaginary buying influences. 
The study surveyed sales managers of electronic manufacturers 
as well as purchasing agents of potential customers asking each 
the same question: “Who, by title, influences the purchase of 
electronic systems, subsystems, instruments, and components”? 
The replies from the electronic companies sales managers did not 
agree at all with those from the customers. Here’s how the two 
groups stated their first six preferences (out of 14 titles) : 





*“Distribution Channels For Selling Electronic Equipment to Manu- 
facturers Outside The Electronics Industry”, Lewis H. Young, Masters 
Thesis, Graduate School of Business Administration, N. Y. U. 
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THE SIZE DIMINISHES; 12 THE POWER REMAINS AS HIGH 


Tiny New 3/8’ (0.375”) Squaretrim® 
Potentiometer Dissipates One Full 
Watt In Still Air! 





The performance of this new Daystrom subminiature Squaretrim is as great as its half-inch cousins. Further, 
the one-watt rating is based on still-air tests...typical of our conservative specifications. Contained in a stack- 
able package only 3” square and just 4%” thick, the new Series 200 Squaretrims permit great circuit density 
(27 per cubic inch) and the 144 different models offered give wide design latitude. The Series 200 Squaretrims 
range from 10 ohms to 35K, operate from —55 to +150°C, and need no mounting brackets for stacking. A true 
precision instrument with all the exclusive features of the Daystrom line, this new potentiometer is designed 
to meet MIL R-27208 and MIL R-22097. Write for detailed information. 


1 nai 
DAYSTROM, INCORPORATED 
POTENTIOMETER DIVISION 


ARCHBALD; PENNSYLVANIA ¢ LOS ANGELES, CALIFORNIA 
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Named by Sales Managers Named by Purchasing Agents 





. Buyer . Buyer 

. Project engineer . Chief engineer 

. Chief electronic engineer . Chief purchasing agent 
. Electronic engineer . Electrical engineer 

. Chief engineer . Plant superintendent 


. Chief purchasing agent . Chief electrical engineer 


The significant conclusion to be reached is that electronic manu- 
facturers try to sell to these industrial customers through the buy- 
ing influences that are important in the electronics industry. Yet 
many of these potential customers have no electronic engineer 
or chief electronic engineer and the project system of organization 
has not yet been adopted. On the other hand, the study shows 
that the chief engineer, the electrical engineer, and the plant 
superintendent are regarded as more important buying influences. 

Distribution is the second reason why electronic makers Wrong 
have trouble selling to this nonelectronic customer. The chan- Channels? 
nels which electronic manufacturers have used widely are: 
the manufacturer’s direct sales force, the independent manufac- 
turers’ representative, and the electronic parts distributor. 

But these channels have not adapted to selling the non- 
electronic customer. Because of the large number of these 
customers, over 50,000 companies with 74,000 plants distributed 
geographically from coast-to-coast, few manufacturers can afford 
a direct sales force to call on all these companies, unless they sell 
an expensive item whose market they know—such as a computer 
control system. Manufacturers’ representatives say they prefer not 
to call on such customers because the representatives want elec- 
tronic O.E.M. business with its large volume per customer. The 
electronic parts distributor too has concentrated on the electronics 
company. 

In addition, the industrial customers showed a preference for Customer 
buying from industrial distributors that already service them Preference 
with such items as electrical apparatus—motors, circuit breakers, 
lighting, transformers, etc. Most frequently mentioned are the 
electrical wholesaler and the industrial mill and supply distributor. 

In fact, the customers indicated they were not accustomed to 
buying from manufacturers’ representatives or electronic parts dis- 
tributors. 

The study also found that switching channels in midstream 
is no easy job for electronic makers. ‘To sell through industrial 
distributors like the electrical wholesaler and the mill and supply 
house, the electronic manu- 
facturer will have to train 
distributor salesmen thor- 
oughly. A sales manager 


who sells the electronics = —_ on 
aa | GENERAL SITPOR E) | 








industry well may not be 

















good for distributor sales. - a | 








The ability to teach, the | . LINE 
talent for inspiring, and S Ue ge ORM ~0Nics 
how to apply the com- | pe 
pany’s products are more 
important than electronic 
design capability. 


























NEW 
PHILCO 
SILICON 

CHOPPERS 











With SPAT: Matched-Pair Uniformity 
Bring High Fidelity To Low Levet Switching! 


T2363 CHARACTERISTICS 


Emitter Voltage, BVeco —30 volts 
Collector Cutoff Current 
leeo(Ves = —10V) 0.001 ya max. 
Emitter Collector Current 
leso(Vee = —10V) 0.001 wa max. 
Offset Voltage 
Vec(le = —200 wa, te = 0) 1.5 mv max. 
Offset Voltage Ve.(T2357 
Matched Pair, lp = —1ma - és . : _ . 
at al temperstures from = For low level switching applications, Phileo now makes available 
rca *Silicon Precision Alloy Transistor Choppers—produced on industry's 
only fully-automatic chopper production line—to assure the uniformity 
TYPICAL CHOPPER CIRCUIT so important to matched pairs. 


Only Philco Choppers offer you all these advantages—made possible by 
the SPAT process: 
== Low offset current—1 nanoampere maximum; 


== Low offset voliage—50 pvolis maximum (for the matched pair); 
== Guaranteed match over a temperature range—25° to 85° C; 
oll 


Guaranteed maximum offset voltage for a wide range of base current 
T2363: I-V CHARACTERISTIC values; 


(in above circuit) w= High gain-bandwidth product; 
] ws Meet all requirements of MIL-S-19500B. 


To assure ultra-high fidelity in multiplex systems for telemetry, multi- 
channel communications, analog computers, and other low level data 
handling applications, be sure to specify Phileco SPAT @ Choppers. 
For complete data, write Dept. CE1061. 


Philco SPAT 
Choppers are be 4 F 
immediately available 
in quantities 1-999 L 
from your Phiico ® 
Industrial Semiconductor ==) Famous fer Quality the World Over 
Distributor 
LANSDALE DIVISION, LANSDALE, PA. 
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Which One of Many 


A few years ago there was available one electronic process control sys- 
tem, two or three different numerical control systems, one production 
monitoring system, one make of process control computer, and one brand 
of many other new ty pes of automatic systems. The decision to buy a 
specific system was based on the gains to be achieved by using this new 
approach; a decision not complicated by having to decide between com- 
petitive items since there was usually not more than one or two systems 
that would do the job. 

Although often the purchase of these “first available” systems was justi- 
fied by a well-grounded technical and economic study, many were bought 
for purposes of experiment and curiosity, sometimes by user company 
personnel who had little or no knowledge of the characteristics or merit 
of the equipment. Purchasing influence was taken out of the hands of 
the man who really understood the sy stem, the control engineer. 

But today things are different. There are many highly competitive con- 
trol devices available in each of the newer types of equipment. And you 

can’t honestly feel you have the best system for a particular job without 
—s each available unit. This takes training and experience. 

Nowhere is this more evident than in the field of general purpose digital 
computers, where new machines and new auxiliary equipments are 
springing up every day. The decision to install new computer capacity 
involves a long and detailed study of each system that could fill the bill, 
and as information systems tie together larger and larger segments of 
business and production operations, the control engineer will be increas- 
ingly in a position of deciding which computing sy stem to select. 

Recognizing this need for precise knowledge, this issue of ConTROL 
ENGINEERING starts an extensive series of articles comparing the charac- 
teristics of general purpose digital computers to a depth never attempted 
before. The gross characteristics such as memory capacity, add time, and 

cards per minute usually seen in comparative computer tabulations are 
only the beginning for these comprehensive articles. 

As in many areas of the control field, the decision to rent a new com- 
puter is only the first step. Beyond it comes the difficult job of deciding 
which of the many computers is the right one. Only someone with det: ailed 
knowledge can make the latter decision. 
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NEW DONNER OPERATIONAL AMPLIFIER features exceptionally low drift with temperature varia- 


tion. (See specs below.) Single channel Model 3811 shown here was tested between —55°C and 
+55°C in temperature chamber—standard procedure for all Donner amplifiers before delivery. 


Drift is not a function of temperature in Donner 
solid state operational amplifiers. Donner’s design 
assures reliable performance at non-constant tem- 
perature — as you actually encounter. For only $150, 
Donner offers a single channel, chopper stabilized 
amplifier that meets these drift specs (significantly 
lower per 10°C than any competing model) : 


DRIFT REFERRED TO INPUT 
(a) at constant temperature: 100 »zv/8 hours 
(b) between —20°C and +45°C: 150uv/10°C 
(c) between —55°C and +55°C: 200uv/10°C 


Donner’s operational amplifiers may be used for inte- 
gration, summation, inversion, differentiation or low- 
level preamplification. Dual channel units (Model 
3811-2) are available on printed cards, priced at 
$300. Both single and dual channel models use 
germanium transistors. They are also available with 
silicon transistors. 


OTHER KEY SPECIFICATIONS 

Input Impedance, 500k at dc; Frequency Response, 
—3 db at 150 kc (unity closed loop gain); Open Loop 
Gain, 106 at dc; Output Range, 40 voits. Note: chopper 
section also solid state. 


ORDER NOW IF YOU DESIRE — Donner guarantees all specs and data in this ad. 
To order, specify Model 3811 Single Channel Operational Amplifier ($150) 
or Model 3811-2 Dual Channel Amplifier ($300). Quantity discounts on 
orders of 10 or more. Prices are for germanium models, f.o.b. Concord, 
California. Delivery 45 days. 


ADDITIONAL 

INFORMATION 

Technical bulletin gives com- 
plete specifications. Also 
available is new brochure on 
unique quarter-square multi- 
plier. Please call your Donner 
rep or write us directly. 


SCIENTIFIC 
DIVISION 


—YSTRON ~LUONNER 
Corporation 





888 Galindo Street - Concord, California * MUlberry 2-6161 
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CONTROL 
TERMINOLOGY 


A Report on U.S. Standards Activity 


H. L. MASON 


National Bureau of Standards 


This report, prepared by the chairman of the American 
Automatic Control Council’s Terminolgy Committee, 
examines all the present and tentative standards dealing with 
terms, symbols, and definitions for automatic control loops 
and their components, including computers. 


Several U.S. professional societies have had con- 
trol systems terminology committees for a decade 
or more, but control terminology is still in a state 
of flux. Since January 1956, when the ASME Trans- 
actions included a review of the situation as of late 
1954, both analog and digital computers have be- 
come increasingly important to the control engi- 
neer. The following survey examines the status of 
formalized collections of terms, definitions, and sym- 
bols for automated computation and actuation de- 
veloped in the United States. This annotated list- 
ing should encourage precision of language, prevent 
unnecessary duplication of effort, and provide a base 
for building an international control vocabulary. 

The writer would like to thank the many society 
and organization officials who have provided up-to- 
date information about their activities. 





FOR SEE LISTING UNDER 


TERMINOLOGY ON 
Components AIA, AIEE, ASME, ASA, DOD, 
EIA, FCI, IRE, ISA, JIC, NFPA 


ASME, ASA, EIA, IRE, IRIG, 
NEMA 


ASA, ISA, NFPA, SAMA 
Digital Computers AIEE, ASA, ACM 
Analog Computers IRE 


... See AIEE, ASME, ASA, DOD, 
IRE, ISA, JIC 


Systems 


Measurement 


For control symbols... 
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Aerospace Industries Association 
Shoreham Building 
Washington, D. C. 


AIA 





Specification NAS 710, Resistors: Variable, Pre- 
cision, 1955, includes some 40 definitions relating to 
design, performance, inspection, and testing. 

Standard Gyro Terminology Report EETC-5, pre- 
pared by a committee under R. Archibald, provides 
76 definitions for categories, types, and performance 
characteristics. 


AIEE 





American Institute of Electrical Engineers 
33 West 39th St. 
New York 18, N. Y. 





The AIEE Feedback Control Systems Committee 
has been represented on the committees for ASA 
Y10-14 and C85. Its working group on standards, 
chaired by A. G. Kegel, expects that a report on 
analog-to-digital converters will be presented for 
approval soon. Also under review is AIEE 59-357, 
Specification Standards for Electrohydraulic Flow 
Control Servovalves, by W. J. Thayer, which pro- 
vides three pages of valve parameter definitions, six 
of physical specifications, two of performance speci- 
fications, and 18 of recommended test procedures, 
all with illustrations; these standards are compatible 
with SAE ARP 490. Still another being reviewed is 
CP 59-467, General Specifications for Ac Tachom- 
eters, by W. E. Sollecito, listing (with four illus- 
trations) the potential errors and ways of measuring 
them; the AIEE group is maintaining liaison with 





SAE’s Precision Control Motors group ARP 497. 

The Instrumentation Division, under the chair- 
manship of F. Hamburger, Jr., has had active repre- 
sentation on ASA C42, C39, and C85. 

AIEE Transactions Vol. 77, Part I, pp. 429-432, 
contains the latest definitions approved by the Mag- 
netic Amplifiers Committee, under R. E. Morgan, 
Subcommittee Chairman. 

The Computing Devices Committee sponsored 
two papers: Proposed Symbology for Digital Sys- 
tems, CP-60-1224, and Dictionary of Switching 
Theory Terms: Preliminary Draft, CP-60-1225. 


American Society of Mechanical Engineers 
29 West 39th St. 
New York 18, N. Y. 


Automatic Control Terminology ASME Std. 105, 
1954, is a 15-page glossary evolved from a succession 
of earlier efforts initiated by the Instruments and 
Regulators Division. (See Mechanical Engineering, 
March 1944, pp. 205-206; February 1946, pp. 134- 
138; June 1952, pp. 486-489.) It derives chiefly from 
usage in the process industries, and much of its con- 
tent has been carried over into ASA C85. The prin- 
cipal sections relate to controllers, their modes and 
adjustments, their elements and characteristics, 
block diagrams and symbols for combination sys- 
tems, and elements and characteristics of processes. 

Preferred Standards for the Presentation of Fre- 
quency Response Data, ASME Std. 107, was issued 
in 1955 by the Instruments and Regulators Divi- 
sion’s Dynamic Systems Committee, R. Olden- 
burger, Chairman. It is a brief document explaining 
the meaning of magnitude, magnitude ratio, phase 
angle, and transfer function. 

Terminology Chairman J. Stern of the Automatic 
Controls Division has begun a compilation of terms 
and definitions for measurement fundamentals, in- 
cluding statistical parameters, which should be com- 
pleted in 1963. The division has been active in the 
preparation of ASA C85 and has just submitted for 
adoption an illustrated Diaphragm-Actuated Control 
Valve Terminology based on ASME 59-A-322, cover- 
ing physical descriptions of valves and actuators and 
their functions and characteristics. 


ASA 











American Standards Association 
10 East 40th St. 
New York 16, N. Y. 





Proposed Terminology for Automatic Controls, 
ASA C85, is a 90-page alphabetical listing of pre- 
ferred terms and their definitions, many of which 
are illustrated. The terms relate to types and com- 
ponents of closed-loop systems, especially idealized 
linear ones, with their generalized paths, signals, 
modes, and parameters of control, and graphical 


and mathematical presentation of performance. 
Many basic concepts compatible with ASA C39 
and ASA C42 are included. In 1955, 22 interested 
professional societies and trade associations formed 
a committee, led by Chairman M. A. Princi, in an 
effort to blend the usages of aeronautical, chemical, 
electrical, electronic, and mechanical engineers. ASA 
C85 has been printed by the ASME and was circu- 
lated late in April for approval by the sponsors. 

Industrial Control Apparatus, ASA C19.1-1943, 
and AIEE 15-1944, provided definitions, service rat- 
ings, and dielectric strength tests for open-loop con- 
trols such as rheostats and auto transformers. It is 
now out of print and is being revised. 

Automatic Station Control, Supervisory and 
Telemetering Equipments, ASA C37.2-1945, applies 
to the performance and application of devices in- 
tended for electric power supply or conversion. 

Electrical Indicating Instruments, C39.1-1951 
(NEMA EI 1-1959); Direct Acting Electrical Re- 
cording Instruments, C39.2-1953; and Automatic 
Null-Balancing Electrical Measuring Instruments, 
C39.4-1956 all cover classifications, definitions, re- 
quirements, specifications, and test methods specific 
to the equipment indicated. 

Definitions of Electrical Terms, ASA C42, once 
a single volume, has been expanded into a series: 
C42.10-1957, Rotating Machinery 
C42.15-1958, Transformers, Regulators, Reactors 

and Rectifiers 
C42.20-1956, Switchgear 
C42.25-1956, Control Equipment 
C42.30-1957, Instruments, Meters, and Meter Testing 
C42.35-1957, Transmission and Distribution 
C42.40-1956, Transportation 
C42.41-1956, Transportation—Air 
C42.42-1956, Transportation—Land 
C42.43-1956, Transportation—Marine 
C42.45-1959, Electromechanical Devices 
C42.50-1958, Electric Welding and Cutting 
C42.55-1956, Illuminating Engineering 
C42.60-1956, Electrochemistry and Electrometallurgy 
C42.65-1957, Communications 
C42.70-1956, Electron Devices 
C42.80-1957, Electrobiology including Electrotherapeutics 
C42.85-1956, Mining 
C42.95-1957, Miscellaneous 
C42.05, General Terms, is in preparation under the chairman- 
ship of J. D. Tebo. 

Terminology for Transformers, Regulators, and 
Reactors, C57.12.80-1958, deals chiefly with the 
nomenclature of devices and parts. 

Sectional Committee X3 on Data Processing 
Standards, led by H. S. Bright, has a subcommittee 
responsible for preparing computer nomenclature. 
It maintains active contact with EIA and with other 
groups dealing with data processing equipment. 
Subcommittee X3.6 under V. E. Henriques is con- 
cerned with symbols for use in computer flow charts. 
Subcommittee X3.5 under R. W. Bemer, cooperat- 
ing with ACM and the International Federation of 
Information Processing Societies, has developed an 
80-column card format and definitions to cover a 
variety of reference needs. Information on com- 
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puter data processing available in January, 1961, 
included 35 source glossaries, about 400 definitions, 
another 800 terms still to be defined, and some 600 
acronym identifications. 

Sectional Committee Y14, preparing a Drafting 
Manual, has a group chaired by R. P. Hoelscher 
that deals with logic diagrams. 

A Proposed Standard for Letter Symbols for Feed- 
back Control Systems, ASA Y10.13, was the result 
of several years’ collaboration between an ASA sub- 
committee and one from the Feedback Control Sys- 
tems group of AIEE, and did not seriously conflict 
with ASME Std. 105. Unfortunately, it was neces- 
sary to provide definitions for the terms symbolized, 
and these had not been standardized. As a result, 
approval of the symbols has been withheld but may 
follow acceptance of ASA C85. 

Graphical Symbols for Fluid Power Diagrams, 
ASA Y32.10 adopted in 1958, is consistent with 
the NFPA glossary. Its counterpart in the ASA 
Drafting Manual is Y14.17-1959. 

Proposed Graphic Symbols for Logic Diagrams, 
ASA Y32.14, establishes principles for formation and 
application of symbols for mathematical and engi- 
neering use in digital data processing systems. Defi- 
nitions of basic binary logical functions are included. 
The 1960 draft was prepared by representatives from 
ACM, AIEE, AFCCDD, BuShips, DOD, IRE, and 
NEMA, under the chairmanship of T. H. Mott, Jr., 
and has been approved by IRE Committee 21. 

Sectional Committee Z39, under the chairman- 
ship of R. E. Kingery, is concerned with library 
documentation and recently issued ASA Z39.4-1959, 
Basic Criteria for Indexes. One of its subcommittees 
is studying indexing and coding. 

At the suggestion of NEMA and EIA, ASA called 
an exploratory conference on automation standard- 
ization in September 1960. T. E. Veltfort, meeting 
chairman, was authorized to appoint a small com- 
mittee which voted in August 1961 to seek a special 
Standards Council committee to review and redefine, 
if necessary, the scopes of all committees in the 
held of “automatic systems”. 


ACM 


ACM’s monthly journal, Communications, Vol. 1 
(1958), Nos. 6, 8, 9, 10, and 11, serialized the 24- 
page Glossary of Computer Engineering and Pro- 
gramming Technology from BRL Report 1010, 
dated 1957, by M. H. Weik of Aberdeen Proving 
Ground. It defines radix mathematics, digital com- 
puter circuits and devices, programming techniques, 
and computer operations. Weik’s revision of this 
glossary appears in BRL Report 1115, March 1961. 

The Standards Committee, with H. S. Bright as 
chairman, is making a joint effort with groups in 





Association for Computing Machinery 
Room 2814, 420 Lexington Ave. 
New York 17, N. Y. 
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AIEE and IRE in the development of a compre- 
hensive glossary of computer terminology. 


Many listings in the index of Specifications and 
Standards contain glossaries which define types and 
performance of the equipment they cover, and some 
include graphical symbols. Although full compati- 
bility with industrial practice is not always achieved, 
they have been coordinated with the work of pro- 
fessional societies, trade associations, and ASA. 
Typical of such AFSC and ASESA documents are: 


MIL-STD-806A 

(USAF) 
MIL-STD-682(SigC) low Chart Symbols for Automatic 

Data Processing Systems 
Abbreviations for Use on Drawings 
Electrical and Electronic Symbols 
Specifications on Electron Tubes 
Specifications on Semiconductor Devices 
Synchros 





Department of Defense 
Armed Forces Supply Center 
Washington 25, D. C. 





Graphical Symbols for Logic Diagrams 


MIL-STD-12A 
MIL-STD-15A 
MIL-E-1 
MIL-S-19500 
MIL-S-20708 


Similar coverage is expected by 1962 for devices 


such as servomotors, resolvers (data transmitting 
iypes, computing types), and tachometer generators. 


EIA 





Electronic Industries Association 
650 Salmon Tower, 11 West 42nd St. 
New York 36, N. Y¥ 





Analog-to-Digital Conversion Equipment, Stand- 
ards Proposal No. 651, which defines three basic 
methods and lists essential specifications, has been 
referred to the EIA General Standards Committee. 

Definitions for Numerically Controlled Machine 
Tools, Including Machine Axis Nomenclature was 
prepared in 1958 by Committee A-6.1 and includes 
about 40 items in analog and digital usage. EJA 
terminology can eventually be expected from com- 
mittees on Automation Systems, Numerical Machine 
Tool Control Standards, Continuous Process Con- 
trol Equipment, Data Transmission Equipment, 
Storage Media and Language, Computers, and Com- 
puter Data Processing. 





Fluid Controls Institute 
1075 Lincoln Ave. 
Hamilton, Ohio 


FGl 





Three standards pertaining to actuating devices 
in fluid systems have been prepared by committees 
headed by N. Belaef. FCI 55-1 classifies power 
actuated valves and their parts, FCI 58-1 provides 
methods for expressing capacities of self actuating 
regulators, and FCI 58-2 recommends a procedure 





for testing flow capacity. Standards for solenoid 
valves and for steam traps are expected in late 1961. 





Institute of Radio Engineers 
1 East 79th St. 
New York 21, N. Y. 


IRE 


The Feedback Controls Committee, G. S. Axelby, 
Chairman, has published standards on symbols and 
terminology as IRE 26.8] (Proc. IRE, November 
1955) and IRE 26.82 (Proc. IRE, January 1956). 
Also, 25 tentative definitions were published in the 
IRE-PGAC Transactions of March 1958. IRE 26.S1] 
defines about 35 generalized terms for signals, paths, 
transfer functions, and system types. IRE 7.S1, Deh- 
nitions of Terms Related to Storage Tubes, 1956, 
contains 25 items applicable to electron tubes that 
retain information on a charged surface. A reacti- 
vated group met recently to plan to work on control 
system measurement. 

Proposed Standard Definitions, Abbreviations and 
Symbols for Analog Computers, 60 IRE 8.8 PSI, 
covers the functions, component units, and opera- 
tions in analog computing. Chairman C, D. Morrill 
has sent the 39-page document to the Electronic 
Computers Committee, IRE 8, and the Symbols 
Committee, IRE 21, for review. 








Instrument Society of America 
313 Sixth Ave. 
Pittsburgh 22, Pa. 


SA. 





Instrument Flow Plan Symbols RP 5.1 recom- 
mends graphical standards with mnemonic letter 
designations for the elements of a piping or wiring 
system. It includes measuring and controlling de- 
vices commonly used in process industries. 

Dynamic Response Testing of Process Control 
Instrumentation, RP 26.1-1957, is a tentative recom- 
mended standard for testing, test equipment, and 
data presentation, prepared by F. H. Winterkamp’s 
Committee RP-26. A short illustrative glossary is 
included. RP26.2-1960 and RP26.3-1960 provide 
further details for pneumatic and electric outputs. 

The Aerospace Standards Division has a group 
8A-RP 28, chaired by A. C. Plantz, which has rec- 
ommended the AIA Gyro Terminology EETC-5 as 
ISA standard. Subcommittee 8A-RP 30, under co- 
chairmen E. C. Spencer and L. Fleming, is preparing 
an ISA standard based on AIA-ARTC Report 16, 
Glossary of Terms for Flight Test Instrumentation 
(1957). A project committee on flow measurement, 
with R. L. Galley as chairman, is completing the 
format of tentative RP 31.1, Technology and Speci- 
fications for Turbine Type Flow Transducers. A 
survey committee 8A-RP 37, with H. H. Norton as 
chairman, is planning a definitive nomenclature for 
transducers used in aerospace testing. 





Secretariat 
Inter-Range Instrumentation Group 
White Sands Missile Range, New Mexico. 


Telemetry Standards IRIG 106-60 contains a 16- 
page glossary covering information theory, inter- 
range operating practices, analog and digital signals, 
system hardware, and acronyms. 


JIC 


Hydraulic Standards for Industrial Equipment 
(1959) supplies specifications for the application of 
hydraulic apparatus, including controls, used in 
manufacturing processes. The graphical symbols 
listed are those of ASA Y32.10. 


National Electrical Manufacturers Association 
155 East 44th St. 
New York 17, N. Y. 


The Industrial Automatic Systems Section, 
R. W. Shaul, Secretary, has an active Subcommittee 
on Definitions chaired by R. N. Eck. In the category 
of feedback control systems, about 90 definitions, 
some of specific circuit functions, but most covering 
generalized concepts like those of ASA C85, have 
been approved as NEMA standards. The committee 
is now turning its main attention to industrial com- 
puter systems. 








Joint Industry Conference 
Prod. Engr. Sec., General Motors Corp. 
3044 W. Grand Bivd., Detroit 32, Mich. 














National Fluid Power Association 
5595 North Hollywood Ave. 
Milwaukee 17, Wis. 


NFPA 


Glossary of Terms for Fluid Power, 2nd Ed., 1960, 
is an interim document prepared by representatives 
of hydraulic and pneumatic industries, chaired by 
W. J. Kudlaty. Its 27 pages collate terms and defi- 
nitions related to flow and its measurement and to 
pumps and compressors and their mechanical parts. 
NFPA’s interest in graphical symbols is met by 
ASA Y14.17-1959 and Y32.10-1958. 


Scientific Apparatus Makers Association 
370 Lexington Ave. 
New York 17, N. Y. 


Accuracy and Sensitivity Terminology as Applied 
to Industrial Instruments, RC3-12-1955, discusses 
ways of expressing and measuring the concepts in 
the title. Brief glossaries in other publications cover 
chart drives and controller air pressures. 
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Controlling a Missile by 
Swiveling the Rocket Motor 


In an attempt to prove missile capabilities, Chance Vought evolved this uniquely 
controlled vehicle in 182 days—from initial concept to first flight test. With a 
requirement in mind for a short but variable range, inexpensive surface-to-surface 
missile, a design was reached which involved a small, solid fueled vehicle with a 
swivelable rocket motor for the necessary short range maneuverability. Author 
Meyer tells how this new concept was developed within so short a time—using off 
the shelf components and fast decisions—culminating in a successful first flight. 


Attitude stabilization 


Altitude Trojectory 
control 








Range 


FIG. 2. Mission profile shows how trajectory control 
and attitude stabilization are important 
to get maneuverability over the short range. 


L. L. MEYER,* Chance Vought Corp. 


The control system of this unusual missile, Figure 
1, was called upon to provide two functions: tra- 
jectory control for the desired mission profile as 
ordered by trajectory instructions, and dynamic 
attitude stabilization. These functions are shown 
in Figure 2. Because of the relatively short range 
and low cost requirements, the swiveled rocket 
motor concept was decided on for thrust vector con- 
trol from a zero velocity launch and for maneuver- 
ability. Low aspect ratio fins were added for 
simultaneous aerodynamic and thrust vector control 
in pitch and yaw during burning and for aerody- 
namic control after burnout. Relative motion be 
tween the forward missile body and the rocket 
motor section was controlled at a universal joint 
by electrohydraulic actuators. 
: ‘ { As a demonstration of rocket missile capabilities 
=== SEE oe and to prove the unique design, Chance Vought 
FIG. 1. Firing of the articulated missile underwrote a program to design, build, and flight 
shows swiveling rocket motor being used test six missiles in 180 days. As a company sponsored 
to program vehicle into more horizontal project, the budget limitations were relatively tight. 
trajectory. Launcher is simple rail design Because of this short development period and the 
constructed for the flight test program. new concept of control, it was required to select hard- 
ware early and plan for extensive system tests. 
* Deceased Gyros, servovalves, actuators, and hydraulic power 
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FIG. 3. Mass distributions used in 
power control loop analysis. 


elements had to be chosen based on preliminary 
missile characteristics and system requirements— 
well weighted by educated guesses. Flexibility for 
later changes was retained, however. The fabrication 
of a missile simulator was also started early. 


Aerodynamic characteristics 


Initial design was based on a 12-in. diam cylin- 
drical missile with a conical nose section. Final 
length and rocket motor size envolved from the 
space and weight requirements of the missile com- 
ponents. The vehicle was designed to be sym- 
metrical in two planes; i.e., the pitch and yaw systems 
were basically identical. Also, for zero rocket deflec- 
tion, all products of inertia were zero. Because of this 
symmetry, all linearized analysis performed for the 
pitch system was assumed applicable for yaw. 

Conventional linearized perturbation airframe 
equations of motion were written to represent the 
dynamic behavior of the missile in flight. Aero- 
dynamic coefficients for these equations were ob- 
tained from a low speed wind tunnel test combined 
with theoretical data. Trajectory analysis provided 
information for selection of critical flight conditions, 
and evolution of the design provided weight and 
balance information. These data combined in the 
airframe equations of motion resulted in transfer 
functions of the vehicle in the dynamic system. 
Preliminary control system characteristics were 
chosen and combined with these transfer functions 
in the form of root locus plots of a rigid body plus 
servosystem characteristics. Various sets of flight 
conditions, including variations in missile static 
stability margins, were investigated with several 
different closed-loop servosystem dynamic character- 
istics. Results showed detrimental effects of 
undamped airframe open-loop zeros which resulted 
in relatively high closed-loop frequencies of the rigid 
body short-period mode. The high frequency short- 
period mode indicated that a high frequency 
response, well damped servosystem was required. 

Before the preliminary closed-loop rigid body sys- 
tems analysis could be made, it was necessary to 
select rate gyros for the pitch and yaw stabilization 
channels. At the time, it was estimated that a 
structural natural frequency on the order of 25 cps 
would exist at the universal joint. Rate gyros avail- 
able off the shelf, that were compatible with the 
system’s angular rate requirements, had natural 
frequencies of 14 and 27 cps at nominal damping 
factors of 0.4-0.7. To minimize possible gyro struc- 


tural resonance problems, the 14cps gyro was 
selected. Even this gyro could result in problems 
when used with a high frequency response servo- 
system, but before pursuing this it was decided to 
pin down possible servosystem characteristics and 
structural elasticity effects at the universal joint. 


Power control 


The minor (power control) loop in the pitch and 
yaw systems was the first to be analyzed in detail. 
Because of the size of the masses involved, it was 
necessary to make a detailed study of their effects. 
Figure 3 shows the mass relationships used. 

There are two cases that must be investigated. 
The first case is that of the missile on a launcher 
with the forward section restrained. For this the 
effective total moment of inertia about the total 
center of gravity (Ie) is equal to the moment of 
inertia of the rocket motor about the pivot point 
(Iz). For the second case, the missile in free 
flight, the analysis is more complex but gives 

ee a +Ks =0 
where K is the value of the spring restraint of the 
system. From this can be found 


sii are 
Less 


where R is the moment arm for K and 
(me dy)? (Is + mez do)? 


eat = 4am m I 


(3) 
From calculated and measured data it was found 
that I,y, = 5.25 slug-ft? for the missile in free flight 
immediately after launch. Also, K = K,g = 822,000 
lb/ft, the equivalent spring which is the resultant 
of outside-the-loop and inside-the-loop springs in 
series; R = 5 in., the distance between an actuator 
and the universal joint; and 


| 822,000 (0.416)* 


WV 5.25 


- = 164.5 rad/sec = 26.2 eps 

Che missile simulator with design mass and struc- 
tural stiffness was used to check these analytical 
results. The control actuators and servovalves used 
on the simulator were the same as those intended 
for use in the flight test vehicle so that comparable 
system dynamics could be observed. 

It was necessary to design a servoamplifier for the 
simulator to test the closed-loop performance. An 
amplifier gain control was designed into the ampli- 
fier so that system gain could be varied during the 
tests. The power control servo loop is shown in 
Figure 4; the simulator, in Figure 5. It was sup- 
ported by long cables to simulate the dynamics of 
the missile in free flight. All frequency response 
runs were made in the yaw system to minimize the 
effects of cable dynamics. This cable jig was later 
used to check out each missile after fabrication. 

Open-loop yaw power control data taken from the 
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MISSILE SIMULATOR YIELDS AN UNEXPECTED RESULT 


FIG. 4. Power control servo loop in 
which Os, Oo represents quadratic equa- 
tions in s involving w:, wa, and 8. wp» 1s 
given by Equation 2 with K being Keg. 


ear: 





w; is the same with K being K,, the out- 








kK 


sikesw) a 
































side-the-loop spring. K, of the loop is 
the product of the gain of the summing 
network, the amplifier gain, the follow- 
up potentiometer gain, and the servo- 
valve gain, divided by the actuator area. 
Tt» is the valve time constant. 


FIG. 5. Cable supported missile simulator 
uncovered dual resonance problem in the missile system. 
It was also used to check actual missiles. 


simulator is given in Figure 6, It can be seen that 
there were actually two resonant frequencies, rather 
than the single one that had been expected. A close 
examination showed that this lower frequency reso- 
nance occurred about an axis that was parallel to 
a line connecting the two actuators. The higher 
frequency response occurred about an axis perpen- 
dicular to a line between the two actuators. 

The finding of the second resonance emphasizes 
the importance of these tests. After the fact, it is 
seen that the minimum resonant frequency will 
occur at the minimum spring moment arm if the 
values for K and I,,, are correct and that the mini- 
mum arm is not the distance between the actuator 
and the pivot. The detailed analysis of the dual 
resonance problem will not be followed here; it 
will suffice to note that the analysis carried out 
agreed quite well with the actual data of Figure 6. 
In the analysis it was found to be a valid simplifica- 
tion to consider the lower frequency resonant mode 
only. Based on servosystem design and tests, and 
from the results of the rigid body system analysis, 
a tentative minor loop gain of 62 was selected; this 
produced a well damped 20-cps system. 


Final stabilized system 


The next step was to refine and expand the basic 
system analysis. Figure 7 shows the functional 
relationship of the system components and control 
loops. The dynamic performance of the rate gyro 
is characterized by the second order expression 
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FIG. 6. Yaw channel response data obtained 


on the simulator shown in Figure 5 


do,/dt _ w,? oa 
d6/dt 8? + 2 f, wes + w,* 

where w, = 14 cps, £, = 0.7 and 6,/6 l. The 

inner-loop transfer function becomes simply 
a, K, 
Sc: a (ree + 1) Vp 


K, Qn 
which can be written as 


6. w,? ~ (“py 6 
= - ¥ () 


.. lt 2fa.8 + we? © 8° + 2twp + w: 

in which the second resonant mode in Oy/Qp» is 
neglected. The o's and é’s in the above expression 
were obtained from root locus plots. 

A relatively large number of flight conditions were 
investigated throughout the rigid body analysis, 
from which it was concluded that a launch (zero 
velocity) condition and a rocket burnout (maximum 
dynamic pressure) flight condition encompassed the 
full range of critical flight. Airframe transfer func- 
tions (airframe phugoid mode neglected) were 


6 176s + 19.6 


- launch 
é. 3 


6  _ 0.148 8? + 163.8 


= burnout 8 
é. s? + 0.97 + 11.7 


These transfer functions represent the final selec- 
tion of aerodynamic static margin. 


Complete system analysis 


The elements of the complete system were com- 
bined, as they evolved, on a root locus plot for a 
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FIG. 7. Functional diagram of 
the entire control system. 
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complete system dynamics picture. Addition of the 
structural mode and rate gyro dynamics to the analy- 
sis, combined with the high performance (20-cps) 
servosystem, caused vehicle and control instability 
due to the structural mode at a very low value of 
attitude gain. A conventional solution to structural 
resonance problems is to install a passive notch filter 
in the stabilization loop, thus preventing a struc- 
tural feedback. But variation in missile mass during 
burning, causing a change in resonant frequency, 
would decrease the notch filter method’s effective- 
ness enough that it seemed necessary to look for 
another method of attenuation. 

An attempt was made to obtain better structural 
damping by decreasing the gain of the power control 
loop. ‘This resulted in two real closed-loop poles, 
one of which approached the origin as gain was 
decreased. The lower servo gain aided the structural 
problem but prevented adequate stabilization of 
the rigid body mode. ‘To overcome this it was 
reasoned that, if the primary closed-loop poles could 
be reduced in frequency with only moderate damp- 
ing, the airframe response could be maintained 
with structural attenuation obtained by the lowered 
frequency poles. This was done by adding a 0.18 
microfarad capacitor between the plates of the first 
stage servoamplifier tubes, a relatively minor modi- 
fication. This change resulted in a lag network with 
a break frequency at 25 rad per sec in the forward 
path of the servo loop. With a servo loop gain of 
44 selected, primary mode closed-loop poles on a 
newly plotted root locus diagram showed a 30-per- 
cent damping, with a natural frequency of about 
5 cps. A substantial improvement in total system 
performance was realized; structural mode was made 
more stable with increasing gain; ample attitude loop 
gain and airframe damping were available. 

To attain a gain margin of 6 db, a maximum 
design gain of 0.31 for the burnout flight condition 
was found necessary. For the launch condition, the 
desirability of higher gain to improve airframe short 
period dampirg led to the choice of 0.67 for this 
condition’s maximum design gain, roughly twice that 
for the burnout condition. The final analysis indi- 
cated that the relatively poor damping at very low 
frequency just following missile launch, which would 
result from using a constant gain throughout the 
flight trajectory, would exist for a very short time. 
As vehicle airspeed increased, short period damping 
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and frequency would increase such that the poorly 
damped mode of motion at launch could only exist 
for about one or two cycles. The conclusion of 
the analysis, then, was to design the system for 
constant rate and displacement gains in the pitch 
and yaw channels for the entire flight. 

An interesting sidelight to the control system 
analysis was provided by replacing the rate gyros 
in the system by rate networks. The use of rate 
networks allowed a larger margin for tailoring root 
locus poles and zeros to match system performance 
requirements. The free gryo potentiometer pick- 
offs did contribute a resolution problem when rate 
networks were added, which was deemed inconse 
quential but somewhat disconcerting. ‘The rate 
networks were not flown in the flight test program, 
but the studies conducted demonstrated the feasi- 
bility of obtaining improved performance, lower 
costs, and better reliability by using the rate net 
works in place of the rate gyros. 


The missile completed—and flown 


The missile stabilization system as finally con- 
structed consisted of identical components in the 
yaw and pitch channels. These were: a displace- 
ment gyro, a rate gyro, an amplifier, and an electro- 
hydraulic servosystem. ‘The roll control channel 
used the inner gimbal pickoff of the yaw displace 
ment gyro for attitude reference and, instead of a 
rate gyro, a rate network was used for damping. 
A servoamplifier and electrohydraulic servosystem 
driving a spider linkage to four roll surfaces com- 
pleted the roll control system. The desirability of 
high roll system gain at launch to maintain roll 
attitude to as near as possible during launch, com 
bined with the necessity of low gain at high dynamic 
pressure, required a gain-changing device in the roll 
channel. This was provided by a pot driven by a 
pitch programmer that supplied the proper roll 
system gain as a function of time. A pitch program- 
mer, a clock positioned variable resistor, created 
pitch program for mission profile control. The 
pitch program and associated desired missile range 
for a specific flight were selected by a potentiometer 
adjustment. Electrical power was from a battery. 

Five complete missiles were built for the flight 
test series. ‘The first missile was flown 182 days 
from the start of the program. Four of the five 
were considered to be completely successful flights. 


CONTROL ENGINEERING 











FIG. 1. Magnetic drum serial counter. 
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COUNTING 
on a Magnetic Drum 


M. E. FRANK and S. T. SCHY 
TRW Computers Co. 


In an automobile manufacturing plant that makes 
cars in 10 different colors, the production control 
department needs to know how many red fenders 
have been produced, how many blue ones, how 
many green ones, and how many of every other 
color. And the department needs the same kind 
of count for about 20 other key parts. In all, the 
plant might require over 200 counters. 

The problem of maintaining so many assorted 
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THE GIST: In a counting application that 
requires cross totals of many counts or sort- 
ing of numerous different totals, computer 
techniques can be more economical than 
traditional electromechanical counters. 
Computer techniques become economical 
when the number of required counters 
passes 100. A magnetic drum stores the 
accumulated totals just as a counter reg- 
ister would; simple logic circuits perform 
the actual counting. In variations to this 
basic system, the memory can count down 
to zero, can compare totals to preset num- 
bers, or can add at rates up to 7,680 counts 
per sec. For example a magnetic drum 
counting system can keep track of tolls 
paid at up to 50 lanes of a facility which 
also wants to total 13 different kinds of 
vehicle paying the tolls. 

y 

é Input stote bit 
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Write head 


totals sounds like other problems that have been 
solved by a computer. The operation of counting 
by unity is a degenerate form of adding two num- 
bers. And the requirement for sorting the accu- 
mulated counts in a number of counter registers 
is equivalent to the storage requirement of a digital 
computer. Thus a large number of counters can 
be provided by a single magnetic drum counting 
system, composed of a computer-type memory with 
enough capacity to store the required counts and 
a form of adder to carry out the counting functions. 

A typical small magnetic drum, the least expen- 
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LOGIC EQUATIONS FOR THE FLIP-FLOPS: 


Flip-Flop A—Read Flip-Flop Flip-Flop E—Carry Flip-Flop 
Reproduces contents of drum track Jz =ADdy 


. : (sets carry flip-flop if input switch is*‘closed 
Flip-Flop B—Sum Flip-Flop and if ieoraiied indication bit shows it was not 
Jp = AE+AE closed last revolution) 
(sum “‘one”’ inputs) 
Kp =~ AE+AE 
(sum “zero’”’ inputs) 


Kg=A + Die 
(carry term (reset in ease 
of add one logic) _ of overflow) 
Flip-Flop C—Write Flip-Flop 
J, =BF +/IF + D dx Flip-Flop F—Reset Control 
(copy (copy external (record } Red 
P i x cf i G20 
sum) Inge) switch state) fetal taped octet) 
K.= BF +I1F Ke = du 
(copy (copy external (termination of external input) 
sum) input) 


Flip-Flop D—Input Repeater Nest: 

Jo = Si S2 Ss Sa Ss Se dir Ko + Read Equation J; = AE + AB as 

S, S, S, 8, 8: Se dr Ki + *-° the J input to flip-flop B is A AND 
S, S;: S; Sa Ss Se dy: Kas NOT E OR NOT A AND E£. 

(input from input switch scanning gates) 

Kp = deo 


(resets flip-flop D) Figure 2. 
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sive memory in digital computers, can store many 
thousands of words, each of which can represent a 
counter storage register. In one such system (de- 
scribed below) the magnetic drum contains 64 
counter registers on each of 50 to 100 tracks. That 
means 3,200 to 6,400 counters on a small drum that 
costs about $10,000. One logic arrangement for 
counting is shared by all the counters. 

Figure 1 shows the basic logic of the magnetic- 
drum counter. Important functional parts are: the 
drum; add-one logic that performs the counting; and 
add-decision logic that decides whether to count. 

Words that represent counts are stored in a circu- 
lating register. Numbers are read from the drum, 
circulated through the add-one logic, and rerecorded 
on the drum. Ordinarily, the number read is re- 
recorded without change. A change is made—one 
count is added—only if the add-decision logic detects 
the need for it in any particular word. The words 
pass through the add-one logic at a rate set by the 
speed of drum rotation. 

Whether a count is added or not depends on the 
condition of the input switches. As the words pass 
through the add-one logic, the state scanning switch 
advances in synchronism so that each input switch 
is associated with a particular word on the drum. 
If the add-decision logic finds a closed switch that 
was open the last time the associated word was 
circulated, the add-one logic is activated, causing 
a count to be added. The previous condition of 
the input switch is indicated by a bit in the word 
associated with that switch. 

The add-one operation can be implemented a 
number of ways. In one approach, regular serial 
addition logic is set up so the circulating word is 
one input and a single pulse at the least significant 
digit time is the other. The same result can be 
abtained with fewer logic elements, using what is 
essentially an add circuit with only one input. In 
this arrangement, the carry flip-flop is forced to the 
“carry” state one bit time before the least significant 
digit time. If a conventional serial add circuit is 
modified to retain only those components required 
by the single number input and carry, it will follow 
this rule for adding one to a binary number: 


Starting at the least-significant-digit end, 
change all ONE’s to ZERO’s until the 
first ZERO is encountered. Change that 
ZERO to a ONE and copy the remainder 
of the number unchanged. 


In most applications for a multiple input counter 
system, the counts to be accumulated originate as 
contact closures that occur randomly on each of a 
number of input lines. If, for example, inputs are 
to be accepted from 64 counter input lines, the 
accumulation from each input line will be stored 
in one of 64 sectors of a recirculating register made 
up of one track of a magnetic drum. Each register 
will be identified as a word of 20 bits: 17 bits repre- 
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sent the magnitude of the count and the remaining 
three (bits 18, 19 and 20) are for control. 

Such a system, whose main components are six 
flip-flops, is described in Figure 2, along with the 
logic equations. Timing pulses generated into the 
system play an important role in its operation. For 
example, when start pulse d,* is generated, the least 
significant bit of the count is at the output of the 
sum flip-flop and the input of the write flip-flop. 
When pulse dj7 is generated, the most significant 
bit is at that point. Timing pulses dig and doo start 
other important parts of the counting operation. 

In this configuration, if the read and write heads 
are 180 deg apart, a basic 120 word track will yield 
64 words of memory. More precisely, the distance 
between the write and read heads is 3 bit positions 
less than 64 words, with the remaining 3 bits being 
stored in the external logic of the revolver. 


Counter Logic 


Counting action starts with an input signal from 
relay or switch contacts Ko, Ki ... Kes, which close 
and remain closed for more than two revolver revo- 
lutions to record a count. A sector counter synchro- 
nized to the rotation of the drum generates signals 
Si, Se, Ss, Sa, Ss, Se and their complements S;, Se, 
Ss, Su, Ss, Se to actuate the scanning gates which 
sequentially switch the signals from the input con- 
tacts to the input repeater flip-flop (D) (Figure 2). 
This scanning action associates each input with a 
particular word in the revolver. 

If a particular input contact has just closed, the 
true state of the input repeater flip-flop (D) and 
the false state of read flip-flop (A), indicating that 
the contact was not closed last revolution, are com- 
bined in the J-input AND gate setting it true. This 
action sets the carry flip-flop to true state one bit 
time before the least-significant-bit time of a word. 
Because of delay in flip-flops (E) and (B), dis 
time at the input to (E) is equivalent to doo time 
at the reference point, the output of flip-flop (B). 

The carry flip-flop remains in the true state as 
long as the incoming word from the revolver is a 
series of one’s. At the occurrence of the first zero, 
the carry flip-flop is set back to false. The output 
of the carry flip-flop actuates input gates to the sum 
flip-flop (B) inverting the bits of the previously 
recorded word. 

At the same time that the counting action is 
taking place, the state of the input repeater is being 


* Pulse times are indicated by d numbers in this article. They 
represent relative times and relative positions. The output of 
the flip-flop (B) is chosen as the reference point. At this point, 
the time numbers are equivalent to digit positions on the 
drum. First digit in a word generates a pulse at d time; the 
20th digit position on drum generates a pulse at dw time, etc. 
Because of the one-bit delay in flip-flops, digit 20 position is 
equivalent to a pulse time di» at the input of flip-flop (B), 
dis at input to flip-flop (A). 
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FIG. 3. Comparison of hardware costs for 
electromechanical counter and a magnetic drum system. 


recorded into bit 20 position of the word. ‘This 
bit will indicate the current state of the particular 
input during the next revolution of the revolver. 
This bit is recorded every revolution whether or not 
a count is recorded. It insures that only one count 
is recorded for each closure. 

After one contact has been inspected, the input 
repeater is reset by doo to prepare for another input 
and the carry flip-flop is reset by dis to prevent 
over-flow from one word into the next word. 

A reset control flip-flop (F) can reset the contents 
of the register to zero or set it to any predetermined 


number. The signals of the J-input of this flip-flop 
(F), shown as R, designate the word to be reset. 
The number enters at the point marked “set input.” 

The diagram of Figure 2 illustrates the principle 
of the serial counter with a particular type of logic; 
different configurations could serve the same pur- 


poses. In particular, the illustration uses more flip- 
flops than are required for logic. 

For example, if the counter need not be reset, 
flip-flop F could be taken out. In computer appli- 
cations, reset might not be needed since the com- 
puter can take differences between successive read- 
ings. Alternatively, the outputs required from 
flip-flop F might be available from a flip-flop which 
serves other purposes in the computer control. 

The inputs to flip-flop B could go directly into 
the write flip-flop C. The extra flip-flop allows 
counter input and output with the same timing and 
with the output containing the latest count. If 
reset capability is not required, or if input and output 
with different digit timing can be tolerated, the 
functions of flip-flop B and C can be combined. 
In a similar fashion, one flip-flop could serve the 
functions of D and E. Filip-flop D serves a circuit 
function, not a logic function; it acts as a buffer be- 
tween the 64-input OR gate and the other logic. 

In a practical circuit, the 64input OR might have 
to be broken down even further. For example, four 


16-input OR gates might actuate four flip-flops. 
The output of these flip-flops would in turn be 
ORed together to provide the input to the J input 
AND gate of flip-flop E. 

Only one flip-flop besides the read and write flip 
flops is required for the add-one function. The 
others are required because of circuit considerations 
or add to the counter’s input-output facility. 


Variations 


From this basic system of logic many variations 
and alternative configurations are possible: 


1) Faster counting rate 

The 64 word per track arrangement is only one 
of several configurations that could be applied to 
a typical magnetic drum. For a 3,600 rpm drum, 
the 64 word revolver on a 128 word track can count 
at rates up to 120 per sec. Similarly, if the read 
and write heads are located one-fourth the total 
track length apart, a 32 word revolver is produced, 
allowing counting rates up to 240 per sec. 

A one word revolver could add at a rate of 7,680 
counts per sec. Because of the serial nature of the 
equipment, the number of possible registers can 
always be traded for speed. The number of registers 
can be increased by using more than one track; 
typical magnetic drums may have as many as 60 
tracks. The logic can be performed with separate 
circuitry for each track on the drum or with com 
mon circuitry time shared by a head switching 
matrix. In the latter case, of course, the counting 
rate would be decreased by a factor equal to the 
total number of tracks. 

In many applications this scheme is quite prac 
tical. For example, in the toll bridge data collecting 
system discussed on page 79, counts are generated 
at a rate no greater than one every 2 sec. Therefore, 
with a single track capable of counting at a rate 
of 120 counts per sec, as many as 240 tracks could 
share the same counter logic. The total number 
of registers available then would be 15,360—far more 
than needed in an actual application. 

2) Other codes 

The system as described relies on the binary sys- 
tem to accumulate counts. This code is the most 
compatible with many digital computers and requires 
the least expensive logic systems. Binary coded 
decimal in any desired code configuration, however, 
could be implemented using the same philosophy. 


3) Subtraction 

Subtraction can be achieved with the same amount 
of equipment as required for addition. A small 
extra amount of logic provides subtraction in the 
registers along with addition. Subtracting counters 
could be useful in such areas as production control 
where it is desirable to know when a predetermined 
count has been reached. The desired count is 
entered in a register and a signal generated when 
the contents of the register reach zero. 
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4) Comparison 

Additional logic can be added to provide for con- 
tinuous comparison of the number in the register 
with a predetermined number in an adjacent mem- 
ory location. The output: the difference between 
the accumulated count and the desired number. 


Economic advantages 

The cost advantage of the magnetic drum system 
is determined largely by the total number of coun- 
ters required and how the data derived from the 
counters is to be used. In general, for systems with 
less than 100 counters, conventional counters are 
cheaper because there is a high fixed cost associated 
with magnetic drums and logic circuitry. 

Figure 3 shows the relative costs of magnetic 
drum and electromagnetic counter systems. The 
magnetic drum equipment would have a first cost 
approximating $10,000 for a basic system with 100 


counter registers. The cost of a 1,000-register system 
would be in the $30,000 range; however, the curve 
begins to level out above this point. For example, 
to supply an additional 1,000 registers would cost 
only another $10,000. By contrast, the cost of con- 
ventional electromechanical counters rises linearly. 

These curves were drawn for hardware costs only 
and do not include installation. The cost of wiring 
a parallel digital output of the electromechanical 
counters would be many times that of installing a 
magnetic drum system. 

One other advantage of the magnetic drum system 
is reliability. ‘The small number of parts, many of 
which are solid state static switching elements, pro- 
vide reliability on the order of 99.9 percent—some- 
thing not attainable with conventional electrome- 
chanical counters. Redundancy through duplicated 
registers in adjacent tracks—or on separate drums—is 
possible at relatively low cost per counter register. 


Gathering Toll Gate Data 
with a Magnetic Drum Counting System 


A large tolls collecting facility can 
have as many as 50 lanes in which 
tolls are collected. Different tolls are 
collected for different types of vehi- 
cles. At the end of the day, the ac- 
counting department has to correlate 
the amount of money taken in by a 
particular collector with the vehicle 
count in the lanes he has worked. 

A treadle switch in each lane closes 
whenever the wheel of a vehicle passes 
over it, thus supplying the axle count. 
The toll collector has a keyboard with 
13 push buttons representing the 13 
different classifications of vehicle rec- 
ognized at the tolls facility. 

Formerly, electromechanical print- 
ing counters in a central location made 
these counts. Each lane needs one 
counter for each classification and one 
for the axle count—14 counters per 
lane. These counters are arranged in a 
single line so that upon command a 
print can be made of the total count 
in all 14 registers. In addition, a nu- 
merical printing register is provided for 
the toll collector's identification num- 
ber and another register for time of 
day. The total printout, therefore, 
consists of 16 columns of information. 
A printout 1s initiated when a new col- 
lector comes on duty and when he 
leaves. When the collector inserts an 
identifying key into a slot at the toll 
booth he initiates the printout. The 
key number is recorded in the collec- 
tor’s I.D. number register. A demand 
print can also be initiated by the tolls 
sergeant in charge of operations. 
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At the end of a day, the printed rec- 
ord of operation at one lane shows 
two lines of data for each collector who 
has worked that lane. The first line 
represents the status of the counter 
registers when he came on duty; the 
second line that status when he leaves. 
In order to collate the data relating to 
each collector the printed record has to 
be cut apart and the strips sorted by 
collector number. Operators with add- 
ing machines can then determine the 
total number of vehicles handled in 
each classification by each collector, as 
well as the total of axles counted. 

Axle count alone cannot be corre- 
lated with tolls collected, since differ- 
ent tolls may be collected for a passen- 
ger car or a pick-up truck. However, 
axle count can be correlated with clas- 
sification, since the classification im- 
plies a particular number of axles, as 
well as a particular toll amount. 

Next, the data are prepared for 
analysis in a digital computer. Data 
from the printed records are prepared 
by keypunch operators on punched 
cards which are then automatically col- 
lated prior to entry to the computer. 

As the number of lanes increases to 
meet rising traffic demands, the cost 
of the centralized printing-counter 
equipment has risen proportionally, as 
has the cost of handling the data 
derived from the printed sheets. The 
information from the printed records 
includes number of vehicles of each 
classification passed by each collector, 
axle count for all lanes for each col- 


lector, total traffic in each classification 
for each lane for a particular hour, and 
total traffic in each classification for 
each lane for the day. The total quan- 
tity of data can be very large for a 50 
lane system—14 x 50, or 700 registers. 
Subsequent sorting of the data is 
necessary to determine the classifica- 
tion count by collector and the hourly 
and daily totals. Since a collector may 
work three or four booths during a 
shift, the data handling is complex. 


Magnetic drum system 


With a magnetic drum system that 
has a low cost per register, the facility 
can set up the 700 registers needed for 
accumulating axle count and classifica- 
tion count per lane for the 50 lanes, 
and the same information for each of 
the 100 collectors who may be on duty 
that day. Registers can also be pro- 
vided for the hourly and daily totals. 
The counts in these registers would 
accumulate as they are generated, 
eliminating the need for a subsequent 
data processing sorting operation and 
making the desired information availa- 
ble at any instant. 

One track on the drum would carry 
information relating to one lane—]4 
registers for instantaneous count of 
axle and classification, 14 registers for 
the hourly totals, and 14 more for the 
daily accumulated total. Additional 
tracks would carry the accumulated 
classification counts by collector. If a 
read or write head fails, only data from 
one lane are lost. 

































on machining costs 


Less than four years ago, Rohr Aircraft 
had only one numerically controlled ma- 
chine tool. Today, Rohr has nine—with 
numerical control data prepared by a 
Unrvac® Solid-State Computer. 

Rohr programmers simply describe in 
mathematical terms the shapes they want 
machined on a specific machine tool and 
the Unrvac Solid-State automatically 
generates the control instructions that 
will guide the tool. Result: Thousands of 
metal parts of varied complexity turned 
out perfectly —and economically. 

An aluminum upper engine mount, for 
instance, under conventional machine 
tooling, used to show a heavy scrap rate. 
Under numerical control with the UNIvaAc 
Solid-State Computer, the scrap rate is 
now zero. 

In one case, a three-dimensionally de- 
fined part was produced under numerical 
control at 1/40th the cost under conven- 
tional machining. 

Rohr’s over-all savings are as much as 
three to one, a saving of up to 66% on 
machining costs! 


New Univac Numerical Control System 
saves Rohr Aircraft up to 66% 





Here’s what H. C. Emerson, Rohr 
Manufacturing Engineering Manager, 
has to say about the Unrvac Solid-State 
Computer: ““‘We chose the Untvac Solid- 
State because of its high storage capac- 
ity, fast processing speeds, low costs, 
availability and versatility. It not only 
handles our corporate data processing, 
but its application to numerical control 
has been extremely successful.” 

Yes, what’s important to all industrial 
executives is that Univac offers a low- 
cost, medium scale, general purpose sys- 
tem that not only has proved itself in 
over 300 commercial installations but, at 
no additional cost, can handle with ease 
highly diversified numerical! control part 
programs. Interested? Our local repre- 
sentative will gladly brief you on Univac 
Numerical Control—for your own instal- 
lation or through your nearest Univac 
Service Center. 
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Untvac Solid-State controls machin- 


ing of three dimensional blowout door 
frame and engine mounting longerons. 






Engine mounting box-beam for aircraft, 
milled from structural steel with help of 
Unrvac Solid-State Computer. 


Vacuum chuck being milled from alumi- 
num plate with Univac Solid-State pro- 
duced data. 
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A Chemical Company’s 
Survey Gives Edge to 
Electronic instruments 


In the 10 years since the introduction of electronic process controls, 
little has been done to test their characteristics against the older pnevu- 


matic controls. 


Du Pont recently installed an extensive electronic system 


and compared it with a pneumatic one controlling a similar process. The 
electronic instruments performed with less error, allowed installation with 
longer transmission distances, and required fewer and less costly repairs. 
Moreover, maintenance men preferred the electronics almost four to one. 


M. M. DeLANCEY, Belle Works, 
E. |. du Pont de Nemours & Co. 


The major potential advantages of electronic proc- 
ess control instruments lie in better control because 
of lower hysteresis, no transmission lags, and lower 
maintenance costs resulting from cheaper replace- 
ment parts. To evaluate these advantages against 
those of pneumatic instruments, Du Pont used 
maintenance records on punched cards, obtained 
from mechanics working on both types of instru- 
ments. Both types were in service on the same 
process. In addition, maintenance men who worked 
on both systems answered a questionnaire covering 
their experiences and preferences. 

The electronic control installation was completed 
in the spring of 1959. It was an extensive installa 
tion involving over 900 electronic units. Electronics 
had been chosen over the conventional pneumatic 
instruments for three reasons: 1) the process re- 
quired a large number of measurements and con- 
trols, which had to be coordinated in a single control 
room; 2) the process equipment was spread over 
a wide area, with transmission distances ranging 
from 50 to 2,000 ft and averaging 700 ft; and 3) 
estimates of purchase and installation costs for both 
electronic and pneumatic units indicated that a large 
saving could be made by installing electronics. (‘This 
result cannot be applied to all projects since installed 
cost depends on purchase price, electrical classifica- 
tion, wiring methods, labor rates, and other factors. ) 

Instruments in the survey were confined to those 
with exact equivalents in both the electronic and 
pneumatic systems. These are listed in Table I. 
Because some instruments were common to both 
systems (pneumatically operated control valves, for 
instance), they were also excluded. Both systems 
were in service on the same process, so factors like 
plugging, freezing, corrosion, and the like affected 


the two systems similarly. ‘The instruments of both 
systems were maintained by the same crew of me 
chanics under the same foremen, which was also an 
advantage for the comparison. 

Comparing maintenance 


Two objectives were involved in comparing the 
maintenance of the instrument systems. One was 
to study reliability and the other to compare main 
tenance cost. ‘Table II shows the results of the 
repair data comparison. The total number of elec 
tronic instruments included in the comparison was 


TABLE | — INSTRUMENTS STUDIED 


ELECTRONIC 
Differential pressure transmitter 
Pressure transmitter 
Indicator and aute-manual station 


Level transmitters 
(displacement type) 


Controller 

T/C converter 

Resistance adapter 

Elec. /elec. converters (all types) 
Pneumatic / elec. transducers 
Recorder (strip chart) 


PNEUMATIC 


Pressure transmitter 


Pressure controllers 


(displacement type) 
Pneumatic controllers 


Auto-manual! stations 


Temperature transmitters 
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Differential pressure transmitter 


Level controllers and transmitters 


Pneumatic recorders (strip chart) 








INSTRUMENT RELIABILITY AND MAINTENANCE 
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FIG. 1. Maintenance time breakdown shows 
time needed to repair each type of instrument 


904, and the corresponding number of pneumatics 
was 523. While this is a large difference in total 
numbers, Du Pont felt that the total of pneumatic 
instruments was sufficiently large that the results 
would be statistically significant. 

Table II shows that the number of repair jobs 
required per instrument was 1.41 and 1.58 for the 
electronic and pneumatic systems, respectively. These 
repair frequency figures are a good measure of re- 
liability and in this case slightly favor the electronics. 

Average time spent repairing each type of instru- 
ment was 2.66 and 2.80 man-hours. Thus, the elec 
tronic instruments are slightly easier to repair. Fig- 
ure 1 presents the data in another way. It shows 
the distribution of man-hours for each repair job. 
Here the difference between the instrument types 
is somewhat more striking, 1.44 man-hours versus 
1.64. Also, Figure 1 shows that 72.4 percent of the 
repair jobs performed on electronic instruments were 
completed within | hour; only 53.8 percent of the 
pneumatic instrument repair jobs were done in this 
time. So the electronic instruments required repairs 
less frequently than did their pneumatic counter- 
parts; and when it was necessary to repair the elec- 
tronic units, it could be done faster. 

Figure 2 presents the frequency of repair data of 
Table II to show that 42.8 percent of the instru- 
ments could be repaired in 1 hour, while only 31.9 
percent of the pneumatic instruments could be re- 
paired in that time. 

Table III consolidates all of the labor and mate- 
rial costs on an annual repair bill basis. It shows 
that the yearly cost of materials for repairing the 
electronic system was very much lower than the 
cost of pneumatic instrument repair parts. The elec- 
tronic parts are generally standard radio components 
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FIG. 2. Distribution of maintenance time shows 
time needed for individual instrument repair jobs 
TABLE Il — MAINTENANCE SUMMARY 
ELECTRONIC PNEUMATIC 

Total number of instruments 904 523 
Total number requiring repair 706 439 
Number not requiring repair 198 84 
Total number of repair jobs 1,272 828 
Total man-hours 1,882 1,231 
Repair frequency — jobs/ instrument 141 1.58 
Repair time — man-hours/ instrument 2.66 2.80 


that are mass produced inexpensively, while the 
pneumatic instruments are usually made up of low 
production mechanical subassemblies. Thus, while 
the cost of labor per instrument for the electronics 
was only slightly lower ($4.36 vs $4.91) than that 
for pneumatics, the cost of materials per instrument 
was so much lower for the electronics ($1.94 vs 
$4.89) that the total maintenance cost per instru 
ment was 35.9 percent lower. 


The accuracy edge 


A comparison of accuracies was made using data 
submitted on the same punched cards used for the 
maintenance study. On these cards the mechanics 
reported the error they found on each calibration 
call as a percentage of full scale. 

Figure 3 shows that 220 calibrations were made 
on the electronic instruments and 119 on the pneu 
matic. The average of all errors found was 2.3 and 
3.3 percent, respectively. The data—broken down 
into groups—are plotted in the figure to show fre 
quency distribution. It can be seen that 64.0 per 
cent of the electronic instruments had “as found” 


83 





TABLE Ill — ANNUAL MAINTENANCE COST 


$1,760 $2,560 
3,940 2,570 


Total number of instruments 904 523 


Material cost/ instrument $1.94 $4.89 
Labor cost/instrument 4.36 491 


$6.30 $9.80 


Material 
Labor 


Total cost/instrument 


errors of below 1 percent; only 48.3 percent of the 
pneumatic types had errors in this range. A statis- 
tical analysis was carried out on the data, and it was 
found that the difference was probably real. The 
probability of its occurrence by chance alone was 
only 0.025. It might be concluded that these instru- 
ments are less susceptible to calibration drift. Here 
again a factor was found that favors the electronic 
instrumentation system. 


Maintenance men’s opinions 


The opinions of the mechanics working on the 
two types of instruments were helpful in making 
the comparison because they brought out differences 
that did not show up in the numerical studies. A 
questionnaire was prepared which included ques- 
tions designed to find the preference for each type 
of instrument. A group of 29 mechanics answered 
the questionnaire. All of these men had some 
experience working on the instruments included in 
the study. A majority of the workers had received 
formal training in the electronic gear, followed by 
practical experience in checking out the instruments 
during process startup. A few had had only casual 
training and experience. All of them were familiar 
with the pneumatic instruments. 

A summary of the results of the survey is given, 
Table IV. Questions leading to the preference in 
transmitters and the controller covered relative ease 
of calibration or alignment, overhaul, and trouble- 
shooting. The table shows that in only one case 
did the men favor pneumatics, i.e., temperature 
transmitters. Over-all, 60 percent of the crew fa- 
vored electronics, 16 percent favored pneumatics— 
a ratio of almost four to one. The reasons most 
often given for this preference were: 1) easier to 
calibrate, 2) easier to repair because of plug-in con- 
struction, and 3) better control of process. 


One user’s opinions 


Summing up the results of the system comparison, 
Du Pont drew the following conclusions: 


PNEUMATIC 





Electronic Pneumatic 
Average error 2.3% 3.3% 
No. of calibrations 220 119 


Electronic 
©) Pneumatic 


Percent of instruments colibrated 
Mg 
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0-09 1-19 2-29 3-39 4-49 5-59 6-69 7-79 889 9-9910-109 


Percent error as found 


FIG. 3. Size of “as found” errors 
for the two types of instruments. 


> Generally speaking, the electronic instrument in- 
stallation has been satisfactory. 

> The electronic instruments do a satisfactory job 
of controlling the process. 

> During the design stage there were no limita- 
tions on transmission distances. 

> The electronic instruments have performed very 
well since startup, with few problems developing. 

> The cost of maintaining the electronic instru- 
ments is somewhat less than that for the pneumatics. 

> The electronic system is at least as reliable and, 
in fact, seems to require repairs less frequently. 

> The electronic instruments seem to be more 
accurate. 

>» The electronic units seem to be easier to repair, 
and their circuit complexity is no real problem, as 
is evident from the mechanics’ strong preference. 


TABLE 1V— SUMMARY OF OPINION POLL 


ELECTRONIC 
86% 0% 14% 
Easiest to troubleshoot §2 17 31 


Easiest to calibrate 


Best control of process 48 10 42 
Best diff. press. transmitter 13 
Best pressure transmitter 11 
Best temperature transmitter 36 
Best controller 9 
Best transmission 14 
Holds calibration best 21 
Easiest to learn 21 


Average 
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Graph Finds Temperature 
Sensing Bridge Response 


ANDREW BARACZ, Intercontinental Electronics Corp. 


Temperature sensitive bridges — 
with one, two, or all four arms variable 
—are frequently used in temperature 
control setups. The graph described 
here allows rapid evaluation of re- 
sponse for one and two variable arm 
types working into a matched load. 

In a two variable arm bridge, Fig- 
ure ], the resistance change of the two 
arms is assumed equal and simultane- 
ous. The magnitude of the change can 
be found from the physical characteris- 
tics of the materials used; these are 
chosen to suit the range being meas- 
ured. The temperature sensing arms, 
diagonal to each other, have a high 
positive temperature coefficient; the re- 
maining two arms have a very low or 
negligible temperature coefficient. 

Applying Thevenin’s theorem, 


V 


R+kR. * 


Vap _ 


RR 
R+ R, 
For R, to be matched to the internal 
resistance of the bridge R,’ 

R R 
R + R, 


Ry T R, 5 


Rr =2 


Therefore, 


R 8) 


Substituting Equations 3 and 8 into 
’quation 4 gives 


(10) 


Thus k = f(n) can be plotted, Fig- 
ure 2, to give the response of the 
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1. A two variable arm 


temperature sensing bridge 





FIG. 2. Response of the bridge of Figure | is shown as s lid line. 


Dashed curve indicates response when 


bridge. In this analysis the source re- 
sistance was assumed to be zero; this 
is usually near the actual case since the 
bridge is fed from a constant voltage 
source like a zener diode. 

As an example, consider a copper 
manganin bridge measuring a tempera 
ture rise of 50 deg C from an ambient 
of 20 deg C. If the bridge is balanced 
at this temperature, all arms will be of 
equal resistance and the output will be 
zero. From the characteristics of cop- 
per, the 50-deg C rise will increase the 
copper arms’ resistance by about 20 
percent, or 


From the solid curve, the bridge out- 
put corresponding to n = 1.2 is I, = 
—0.042I, where I is the current fed to 


only one resistive arm is variable 


the bridge externally at balance con- 
ditions. The negative sign indicates 
the conventional polarity of the out- 
put. When only one resistive arm is 
variable, the dashed curve—for which 
k = (1 —n)/(6n + 2 is used. 

The curves also show that the re- 
sponse of the bridge can be improved 
if decreased values of n are used. In 
this case there will be a considerable 
current initially. Decreasing the arms’ 
resistance until n = 0.6 at 20 deg C 
(for the two variable arm bridge) will 
give n = 0.72 at 50-deg C rise. The 
corresponding output currents will be 
0.1661 and 0.11, and the differential 
change will be (0.166 — 0.1) I = 
0.0661. When the bridge feeds mag- 
netic amplifiers, the standing current 
can be either balanced out magneti- 
cally or used as a biasing means. 





From Monsanto FluiDesign Service... 


ELECTRONIC 


NEW “BLOOD” FOR 





Coolants for computers... 
designed inside the circuit! 


Pinpointed heat control will be 
more critical than ever in to- 
morrow’s big computers—to 
assure reliability for the new 
jobs they’ll be called upon to 


ditioned’”’ room, or perhaps 
forced-air cooling, keeps tem- 
perature of circuits within 
bounds. But tomorrow’s tran- 
sistorized, unattended com- 
puters will service oil refining, 
chemical processing, production 
lines, radar interpretation—in 
environments from scorching 


guard these “‘big job” circuits 
with packaged fluid dielectric 
coolants— instead of bulky con- 
vection cooling or cumbersome 
forced-air systems. Precise heat 
control with fluids can make 
your equipment more reliable 

more salable—can help 
qualify electronic equipment 


perform. Today, an “air con- desert to arctic blizzard. Safe- for many new tasks. 











MONSANTO FLUIDESIGN SERVICE OFFERS YOU: 
. Sophisticated application experience with fluids 
. Years-ahead research on new types of fluids 
. Time-saving facilities for testing new uses 
. More job-proven functional fluids than any other manufacturer in the world 


. Design-oriented know-how to help you develop more compact, safer, and 
more reliable equipment 





OPERATING 
TEMPERATURE 
RANGE 
(°F) 


MAXIMUM LONG 
TERM BULK 
TEMPERATURE 
(°F) 


TYPICAL PROPERTIES 
OF A FEW 
MONSANTO FLUIDS 


VISCOSITY 
(Centistokes 
@ °F) 


FLASH 
POINT 
(°F) 





934 @ 
6.5 @ 
2.2 @ 210 


2400 @ —65 
12.2 @ 100 
3.95 @ 210 


1380 @ —65 
6.8 @ 100 
2.2 @ 210 


363 @ 100 
13.1 @ 210 


17.2 @ 100 
2.5 @ 210 


COOLANOL® 35 100 


<—120 te >350 350 370 





COCLANOL 45 <—85 to >400 400 370 





08-59 —65 to 600 500 370 





0S-124* +40 te 900 800 550 





fire 
resistant... 


AROCLOR® 1242 +40 to 600 600 





+2 








OSs-80 (Preservative Fluid—non-operational 





75@0 
4.6 @ 100 
1.42 @ 210 


MONOISOPROPYL 


BIPHENYL* “ae cones 


























*RADIATION RESISTANT 


THESE COOLANTS ARE AVAILABLE NOW AND MANY OTHERS 
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BRAINS AND RADAR EYES 





Heat control to defy the 
arctic or tropics! 


If you are designing radar 
“eyes” to operate intelligence 
networks ranging from the 
frigid top of the world to the 


steaming tropics, you’ll want 
to check with Monsanto about 
coolant fluids that operate re- 
liably from below minus 80° F. 
to over 500° F. These fluids are 
chemically stable; won’t freeze 
or sludge; do not corrode cir- 
culating pumps or the vital 
**veins’’ of high-power klys- 
trons, magnetrons, traveling 


wave, or tropospheric scatter 
installations. Do you want the 
maximum reliability of pinpoint 
temperature control—with a 
minimum of mechanical and 
maintenance problems with the 
coolant? Monsanto fluids can 
help you reduce system com- 
plexity—while increasing sys- 


tem reliability. 











BE SURE TO GET 
YOUR FACT-PACKED 
FLUIDESIGN FILE. 
WRITE ON YOUR 
LETTERHEAD TO: 


Monsanto Chemical Company 


Monsanto 


Organic Chemicals Division 
FiuiDesign Service, Dept.4452G 
St. Louis 66, Missouri 





COEFFICIENT 
OF THERMAL 
EXPANSION 
(per °F) 


SPECIFIC 
GRAVITY 
@ 25°/25°C 
or M. Pt. 


SPECIFIC 
HEAT 
@ 25°C or M. Pt. 
BTU /Ib /°F 


THERMAL 
CONDUCTIVITY 
BTU /hr / ft? /ft/ °F 





0.00047 0.89 0.45 0.079 





0.00048 0.89 0.45 0.080 





0.00046 0.88 0.45 0.077 





0.00033 1.204 0.365 0.075 





0.00038 1.38 0.29 0.058 





tects systems in storage) 
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Latest Japanese 
Numerical Control 
Features 


linear and circular interpolation for continuous path applications 
new staircase incremental interpolating technique 
direct-connected numerical director 


open-loop actuation using special electrohydraulic pulse motor 


TOSHIMASA KAIWA & SEIUEMON INABA 
Fuji Communication Apparatus Mfg. Co., Ltd. 


The latest Japanese continuous path numerical 
control system parallels the approach of the domes- 
tic Bendix Dynapath system and GE’s Mark Cen- 
tury insofar as all three are basically incremental 
systems and provide both linear and circular inter- 
polation capabilities in a direct-connected numerical 
director. But the similarity ceases at this point, since 
the Fuji system uses a unique interpolating technique 
that approximates circles and straight lines by means 
of a staircase function, and employs open-loop con- 
trols on the machine without the conventional posi- 
tion measuring transducer and feedback link. The 
open-loop actuator is an electrohydraulic pulse 
motor, with electrical pulses driving an electrical 
stepping motor which positions a rotary servovalve. 
The valve in turn drives a rotary hydraulic actuator 
so that electrical pulses are transformed in one pack- 
age into position and velocity controlled rotary hy- 
draulic power. 

Input to the system, Figure 1, is via six-hole per- 
forated tape read by a 200 step per sec photoelectric 
tape reader. The reader is of the stop-on-character 
type so that the tape stops completely while the stop 
signal is still within reading range: start response 
time is about 0.004 sec. Input data are recorded in 
binary coded decimal. The synchronous serial com- 
puter-director uses straight binary for internal coding 
with nickel delay lines for memory elements. The 
circuitry is transistorized, as is all of the system’s 
electronics. Interpolation is by the step approxima- 
tion of arcs and straight lines but can be accom- 
plished in only any two out of the three axes at one 
time (true three-dimensional contouring still re- 
quires the assistance of general purpose computer 
programming prior to the director). There are seven 
output channels from the director (positive and 
negative for each of the three axes and a control 


channel) connected directly to the machine control 
unit in the common console. Maximum output 
pulse frequency is 800 pps. With a typical unit step 
per pulse at the tool of 0.01 mm this gives a max- 
imum cutting speed of 8 mm/sec (19 in./min). 

The machine control portion accepts incremenial 
pulse data from the numerical director and délivers 
three phase square waves to each of the electrohy- 
draulic pulse motors on the machine feed screws. 
Right or left hand parts or symmetrical parts about 
the x axis can be obtained by flipping a switch. The 
bidirectional pulse motor responds well te frequen- 
cies up to 1,000 pps. 

The manual control station is available in a floor- 
mounted console or in pendant form. The three 
dials provide for stepping of all three motors (de- 
pending on direction and distance of dial rotation) 
while the pushbuttons give continuous capid traverse 
of any motor in either direction. 

The system also has provision for cutter diameter 
indication. The punched tape is prepared for the 
profile of the finished workpiece (not for cutter- 
center path) and tool diameter is manually entered 
into the console. The director then automatically 
computes corrected beginning and end points for 
the various straight lines and arcs, thus generating 
the cutter-center path for the specified tool diameter. 
This feature will be described in another article. 


Staircase interpolation 


The staircase method of interpolation approxi- 
mates straight lines and arcs by a series of very 
small steps rather than by the end-connected straight 
lines or smooth curves developed by the usual linear 
and circular interpolating techniques. Interpolation 
from one block of instructions is possible in any 
one of the three planes xy, yz, and zx, and in any 
one quadrant of the selected plane. A new block 
of instructions is necessary when a continuous cut 
moves from one quadrant to another. 

Consider the problem of linear interpolation in 
the first quadrant of the xy plane as shown in Fig- 
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ure 2A. Assuming that the straight line starts at 
the origin of the coordinates, approximate the line 
with a series of steps until the end point P, (x, y-) 
is reached. Then any point (x, y) on the straight 
line satishes the equation 
rey — rye = 0 l 
And any arbitrary point on the plane but not on the 
line (x; y;) falls above the line if 
LeYi — Vie > O 
and below the line if 
LeYi — Liye < O 3) 
This forms the basis for the approximation pro- 
cedure using very simple computing circuitry. In 
the first quadrant of the xy plane, if the tool lies 
on or above the line so that Equations | or 2 apply, 
one x pulse is delivered, while if the tool lies below 
the line so that Equation 3 applies, one y pulse is de- 
livered. The tool starts at point Po and proceeds 
to points P;, Ps, Ps, Py, etc. to end point P,. No 
point is more than one pulse from the true straight 
line. With a step at the tool of 0.01 mm the line 
is approximated within plus or minus 0.00039 in. 
Arcs are handled in a similar manner as shown 
in Figure 2B, again for the first quadrant of the xy 
plane. With the origin of the coordinates taken as 
the center of the arc and the starting point of the arc 
being P» (Xo, yo), then any point (x, y) on the arc 
satisfies the equation 
x? — 20°) + (y — yo?) = 0 4 
If for any arbitrary point on the xy plane the left- 
hand term of Equation 4 is less than zero, then the 
point lies inside the arc and one pulse is applied 
to increase the y ordinate. In turn, if the left-hand 
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FIG. 2. Staircase interpolation applied to straight lines and ares. 


term of Equation 4 is equal to or greater than zero, 
the point lies on or outside the arc and one pulse is 
applied to decrease the x ordinate. ‘This procedure 
vields a staircase approximation to the arc with all 
points lying within a tolerance band of plus or minus 
one unit step. This is for a counterclockwise cut; 
reversing the technique yields a clockwise cut. Both 
ccw and cw cuts are shown on Figure 2B. 

In preparing a program for the numerical director 
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FIG. 3. Numerical director. 


the origin of coordinates for a straight line cut is 
taken as the end point of the previous cut, while 
the origin of coordinates for a circular arc is taken 
as the center of the arc and the end point of the 
previous cut is the starting point of the arc. The 


following information must be recorded on the tape: 
for a straight cut—end point coordinates (x,, ye), 
cutting speed, coordinate plane, straight line desig- 
nation, and quadrant; for a circular cut—starting 
point coordinates (Xo, yo), end point coordinates 


(X-, Ye), cutting speed, coordinate plane, are desig- 
nation, cw or cew, and quadrant. 


Numerical director operation 


The director accepts this programmed punched 
tape, performs the necessary interpolation computa- 
tions, and delivers incremental signals to the ma- 
chine control unit. Figure 3 shows the block diagram 
of the director. 

The information contained on the punched tape 
is read and stored in the input register after which 
the decoding circuit determines whether the infor- 
mation is a numerical dimension or whether it re- 


FIG. 4. Machine control unit. 
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lates to speed or plane. If it relates to the latter, 
it is immediately shifted to the speed register by 
a parallel shift pulse from the input control cir- 
cuit. If the information is numerical, a serial shift 
pulse from the input control circuit converts it to 
serial form while concurrently converting the binary 
coded number into binary form and delivering it 
to a nickel delay line memory. 

When all of the information has been read in 
and distributed, the arithmetic operation starts. The 
equations shown previously are solved on a point 
by point basis for arcs and straight lines, each cal- 
culation being checked to see whether the result 
is positive or negative. Depending on this discrimi- 
nation, one pulse is sent to the A or » output line, 
while at the same time the contents of the cor- 
responding register (x9 Or yo) is increased or de- 
creased by one pulse. In this way a gradual change 
takes place in the contents of the x and y registers 
until the end point values x, and y, are reached, 
completing the calculations for the instructions. 

A crystal oscillator delivering 200 ke clock pulses 
provides the time standard for arithmetic opera- 
tions. A word pulse, indicating the start of each 
cycle, is generated every 25 clock pulses. 

The command pulses that are finally delivered to 
the machine control unit are derived from a com- 
mand pulse generator. At the arrival of each com- 
mand pulse, a clock pulse is sent to the A or » output 
line depending on whether the result of the preced- 
ing computation was positive or negative. The next 
computation then starts on the arrival of the next 
word pulse. Since every command pulse is delivered 
to the pulse motors, cutting speed depends on the 
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Diagram shows distributor and ring circuits, table shows relationship 
between ring circuit condition and distribution of input pulse. 


pulse frequency of the command pulse generator. 
[his frequency is specified by tape recorded informa- 
tion and can be further modified over a ten to one 
range by the operator. Continuous operation is pos- 
sible in the range of 50 to 800 cps. 

The command pulse delivered over the A or » 
output line must be directed to the proper one of 
the six outputs shown Figure 3, depending on 
the plane and quadrant. The output gate handles 
this switching and selection of pulse paths under 
the control of the decoding circuit. 


Machine control unit 


The machine control unit accepts command 
pulses from the numerical director and distributes 
amplified signals to the three electrohydraulic pulse 
motors. Figure 4 shows the machine control unit in 
block form. Since the electrical stepping motors are 
three-phase devices, the incoming incremental pulse 
trains must be converted into three- phase signals of 
the proper sequence. This is accomplished in the 
distribution gates and ring circuits. 


The distribution gate, Figure 5, distributes input 
pulses in the order A, B, C, or A, C, B, depending 
on whether the input pulses are arriving over the 
positive or negative input line. The ring circuit, 
also shown in Figure 5, consists of three flip-flops 
connected so that one of the three is always in the 
1 state and the others are in the 0 state. When 
flip-flop FA is in the 1 state, gates +GB and —GC 
are enabled. Then when an input pulse arrives at 
the plus line it triggers FB through +GB, while 
an input pulse at the minus line triggers FC 
through —GC. With the input pulses distributed 
in this manner, the ring circuit rotates in the order 
FA, FB, FC, or FA, FC, FB. The table in Figure 
5 shows the relationship between the condition of 
the ring circuit and the output distribution of the 
input pulse. The power amplifiers of Figure 4 
amplify the outputs of FA, FB, and FC and deliver 
power pulses to the three-phase windings of the 
pulse motors. 


Open-locp actuator 


The open-loop electrohydraulic pulse motor ac- 
tuator is shown in Figure 6. The electrical stepping 
motor drives a rotary four- way servovalve through a 
gear train. ‘The output position of the axial-piston 
type rotary hydraulic actuator is fed back mechan- 
ically so the actuator output shaft continually fol- 
lows the low power stepping motor. The output 
shaft exhibits a 3 deg step per input pulse and the 
unit will start instantaneously at pulse rates up to 
500 pps with the maximum pulse rate being 1,000 
pps. Output torque is 200 kg-cm at a pulse rate 
of 500 pps and a pressure of 70 kg/cm*. Further 
details on the operation and performance of this 
unique actuator will be covered in a future article. 
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Is your computer tape truly clean? 
(If so, you must be using Ampex) 


Ampex is the first truly clean computer 
tape! It’s produced in a controlled atmos- 
phere, under the most rigid precautions. 
Every roll must pass intensive electrical 
and physical tests before packing. 

Then, when Ampex engineers are al- 
most sure it’s perfect, they take another 
step to insure it’s truly clean. They 
“bathe” it in a special chemical bath that 
removes all extraneous matter that might 
cause even a “temporary dropout.” 

But that’s notall. Every inch of Ampex 
Computer Tape is digitally checked to 
make sure every reel is completely error- 
free before it leaves the plant. What's 
more, it’s tested an systems compatible 
with those it will be used on. 

Another thing about truly clean 
Ampex tape is that it keeps your system 


cleaner, too! The exclusive Ferro-Sheen 
process insures a smooth, clean surface 
that reduces headwear and oxide build- 
up ...so you have less costly downtime 
for cleaning! Ampex performs better and 
runs cleaner than any other tape! 

Some people say we take excessive 
preeautions in making sure our tapes are 
truly clean and error-free. But this is the 
kind of deliberate excess that makes prod- 
ucts superior enough to be called Ampex, 
a name that’s known for perfection! 

To test Ampex superiority, compare 
our computer tape, at 556 BPI, against 
any other tape made. See for yourself 
what Ampex can do! 

Incidentally, as you may have guessed, 
it just naturally follows that our Instru- 
mentation Tapes are the finest available! 


AMPEX MAGNETIC TAPE PRODUCTS 
Opelika, Alabama 
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Predicting and Evaluating 


The Performance of 
Analytical instruments 


THE GIST: When a chemical or physical property of a material is measured 
by an instrumental method, certain performance characteristics can be de- 
scribed and treated in a general way to determine quantitatively the over- 
all performance of the instrument. The same basic principles are important 
to both the instrument designer and the application engineer. 

This article defines the importont performance factors of any measuring 
system and develops the general principles in a form that can be used to 
determine the performance of practical systems. The emphasis is on continu- 
ous recording radiation absorption analytical instruments for plant service. 


V. N. SMITH, 
Shell Development Co. 


An ideal instrument would record 
or indicate a value directly related to 
the quantity to be measured and would 
be independent of all other factors. 
Such a relation may be expressed in 
the general form 

R = f (q) (1) 
where R is the recorder defiection in 
percent of full scale and q the value of 
the measured quantity. Also, the ideal 
instrument should respond instanta- 
neously to a change in gq. A further re- 
finement would make the response 
linear in terms of the measured vari- 
able, so that 


100 


R = 
ico ~— Jo 


where gio. is the value of measured 
variable at full scale deflection and q, 
the value of measured variable at zero 
point of recorder (zero suppression). 
The instrument span may be defined 
as 

¢ = t100 — Qo (3) 


Figure 1 shows the response of an 
ideal instrument. Such an instrument 
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would have no errors and would always 
indicate the instantaneous true value. 
Unfortunately, the ideal instrument in 
this sense does not exist. 


The real instrument and 
sources of errors 


In practice any real instrument (ot 
system) reading depends not only on 
the measured variable but also on 
many extraneous variabies. Thus, for 
a real instrument, the recorder reading 
must be expressed more generally as 

R=f(a,u,0---G%-..)*8R (4) 
where q,, qa. . . qx are such interfering 
quantities as ambient temperature, 
sample pressure, and amplifier gain, 
and 6R represents random fluctuations 
introduced by detectors, amplifiers, vi- 
bration, etc. For example, an instru 
ment may have an uncompensated 
sensitivity to temperature changes, 
Figure 2. The heavy line for tempera- 
ture T, represents the response under 
the conditions prevailing at the time 
of calibration. The other lines in the 


family of response curves represent in- 
strument response under other possible 
temperature conditions, ranging from 
1,40 t0 

These interfering variables introduce 
errors into the measurement. Some in- 
terfering variables or sources of error in 
a practical plant analyzer are listed 
in the table in three general categories: 
environmental, sample, and instrumen- 
tal. An additional potential error 
source is in the initial instrument cali- 
bration carried out by the supplier— 
or by the user after plant installation. 


Calculation of errors 


An analyzer for plant service usually 
incorporates some internal environ- 
mental control and may be compen- 
sated for changes in the most serious 
interfering variables. However, the 
control and compensations are never 
perfect for all variables throughout 
their possible ranges. Therefore, the 
plant-type analyzer has an assumed 
calibration of the form of Equation 1. 
Actually, for a given recorder reading 
the true value of q would be given by 





Measured variable, 7 
FIG. 1. 


a solution of Equation 4, provided the 
values of all variables and the true 
form of the equation were known. Be- 
cause these factors are not usually 
known, the instrument readings are 
subject to errors depending on the 
deviations in the interfering variables, 
the instrument characteristics, and the 
initial calibration. Fixed errors due to 
incorrect calibration are not consid- 
ered here. 

In general, if there are simultaneous 
changes in the measured variable and 
other quantities (Aq, Aq., Age. . . Ag. ), 
there will be a change in the recorder 
reading AR which can be approximated 
closely by the total differential of 
K.quation 4 


. oR 1 OR 
Ak de Aq + > De 


4qi 


If random noise 8R is present the in- 
stantaneous deviation must include 
this term. Thus the actual recorder 
reading is 


AR oR = y Ok 


dq Ls dq, Aqi + 6R (6) 
Since the instrument is assumed to re 
spond to changes in the measured 
variable only, the last two terms of 
Equation 6 represent an error E,, ex 
pressed in terms of the measured quan 
tity as 


Em = (Aq) apparent — Ag (7) 
hen the error in the measured vari 
able will be given by 
1 OR 
.) Aq: + 5R 
at O70; 
- (8) 

OR 

oq 
Equation 8 can be used to calculate 
the maximum error from the known 
instrument characteristics and from 
maximum deviations in the interfering 


Recorder reading, 7 


G100 


Response of ideal stream analyzer. 


FIG. 2. 
having uncompensated temperature sensitivity. 


Qio0 
Meosured voriable, g 


Response of real stream analyzer 


SOURCES OF ERROR IN PLANT ANALYZER APPLICATIONS 





Environmental changes 


Ambient temperature 
Barometric pressure Pressure 
Vibration Flow 


Radiation 

(e.g., sunshine) 
Humidity 
Air pollution 


Line voltage 


Cooling water 
temperature 





Sample changes 


Temperature 


Foreign matter 


Multiple phases 
(e.g., bubbles in liquid) 


Physical properties (e.g., 
density, refractive index) 


Concentration of 
interfering components 


Instrumental changes 


Noise 

Recorder calibration 

Amplifier gain 

Power supply voltage 

Column characteristics 
(in chromatographs) 


Interference rejection 
or compensation 


Mechanical stability 


Internal or local 
environmental contro} 
(temperatures, liquid 
levels, etc.) 








variables. If all variables change in a 
completely random fashion with stand 
ard deviations Aq,, and the noise 8K is 
the rms value, the standard deviation 
in the measured variable is 


1 oR ; ring 
aR X( oa: a0) +(é6R)? (9 
dq 


However, the maximum error calcu- 
lated from Equation § is often a more 
useful performance guide than the 
standard deviation, because most inter 
fering variables, like ambient tempera- 
ture, barometric pressure, and sample 
composition, vary slowly and introduce 
systematic errors, not random ones. 


More often, systematic errors are much 
larger than errors caused by random 
noise. If readings were averaged over 
a long time, compared with the devia 
tion time of the interfering variables, 
E,,, would have some significance 


Performance specifications 


All common performance specifica 
tions for instruments can be defined in 
terms of the partial derivatives used in 
Equations 5 through 9. These pet 
formance figures may be defined as: 

Pp Sensitivity: S =0R/0dq 

p> Temperature coefficient: S; = 0R/oT 

> Pressure sensitivity: S, = OR/dp 
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> Cross sensitivity: S; = dR/dq; 
> Discrimination ratio: 
D; = @R/dq)/QR/dq:) = S/S; 

The minimum detectable change 
in the measured variable is normally 
determined by the noise 8R because 
the other variables change slowly and 
do not affect detection of a fast change 
in the measured variable. Then 

> Minimum detectable change: 

Ag)min = 6R/(O0R/dq) = 5R/S 


Response time 


So far, the measuring system has 
been assumed more or less instantane- 


ous in response. In practice there will 
be a complex response time made up 
of sampling dead time and time lags 
plus various instrumental time con- 
stants. While this subject is beyond 
the scope of this article, it is impor- 
tant to consider response time because 
of the relation between speed of re- 
sponse and minimum detectable 
change in the measured variable. If 
the instrument itself is the source of 
all the noise and the instrument dy- 
namic response alone can be character- 
ized by a single time constant r, then 
the noise on the recorder is 


EXAMPLE OF ERROR CALCULATION—I 


Measurement required: 
Propylene (25-50 percent) 
Ambient temperature range: 
30-100 deg F 
Interfering components in stream: 
1) Ethane 5-15 percent 
2) Ethylene 1-5 percent 
An available instrument has 
characteristics: 
Zero point: 25 percent propylene 
Full scale: 50 percent propylene 
(Span = 50 —25 = 25 percent 
propylene, linear) 
lemperature coefhicient = 1 per- 
cent of full scale for 20 deg F 
Discrimination ratios: 
Ethane (q,) D, = 
‘Ethylene (q.) D, = 
Noise: 86R +0).5 
full scale (max. ) 
Assuming the instrument is calibrated 
for the average values of the interfer- 


these 


100 
33.3 


percent of 


ing variables, from Equation 8 the 
maximum error in the propylene meas- 
urement is 


oR ,,,, OR 
on ATF og 


I 
Aq wx ° : Ag+ bR 
2 


E, = oR 2 

dq 

From temperature coefficient; 
OR/OT = 1/20 = 0.05 per deg F 


from discrimination ratios; 
1/D, = 0.01 
1/D, = 0.03 
and from span, S = 0R/dq = 100/25 
== 4 percent per 1 percent change in 
propylene. 
The A’s are taken 
conditions 
AT = +(100-30)/2 = +35 deg F 
Aq: = *(15-5)/2 = +5 percent ethane 
Aq = +(5-1)/2 = +2 percent ethylene 


from the stated 


Then the maximum error is 


6k = NS/r'” 
where N is a noise constant of the 
instrument. 
Then, from the definition of mini- 
mum detectable change, 
(10) 
For a given instrument, where the 
noise N is fixed, the product of mini- 
mum detectable change and the square 
root of the time constant is a constant 
(Aq)min r'? = N (11) 
Thus, any desired increase in speed of 
response must be accompanied by a 
loss in ultimate sensitivity. 


(Ag)min = N/r'” 


E..= 

ot ( —_ X35 +0.01 x 5+0.03 x24 * ) 

E,, = = (0.438 +-0.05 +-0.06 +0.125) 

Temp C, C, Noise 
= +(0.673 percent propylene 

Inspection shows that temperature 
error is most significant: if the tem- 
perature coefficient could be reduced 
by a factor of two, the maximum error 
would be reduced to +0.454 percent. 

It is important to realize that it is 
not always necessary to have a high 
discrimination ratio for a particular in- 
terfering variable because its error con- 
tribution also depends on the expected 
deviations in the interfering variable. 
Above, the errors introduced by ethane 
and ethylene are almost the same even 
though the discrimination ratio for 
ethane is 3 times that ethylene, be 
cause of the postulated deviations. 


APPLICATION TO RADIATION ABSORPTION INSTRUMENTS 


Many continuous plant stream ana- 
lvzers, such as gamma ray densitome- 
ters, colorimeters, and infrared and 
ultraviolet analyzers, use the radiation 
absorption principle. Since such instru- 
ments have a common basis, it is 
worth while to study the general prin- 
ciples and apply the foregoing analysis 
in an evaluation of performance and 
limitations. 

If a parallel beam of radiant energy 
of a given wavelength passes through 
homogeneous matter (solid, liquid, or 
gas), it is found that the fractional 
loss in intensity through a thin layer is 
proportional to layer thickness. This 
behavior has been observed experimen- 
tally and has also been justified theo- 
retically for many different absorption 
mechanisms. With reference to Figure 
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3, this law can be expressed as 

d,/I, = —ypdx 12) 
where I, is the intensity of radiation 
at a distance x from the surface of the 
sample, and y» the absorption coefh- 
cient. Integration and substitution of 
boundary conditions yields 

I, = 1, e7¥" (13) 

where I, is the intensity incident on 
sample, I, the intensity of exit radia- 
tion from sample, and L the total path 
length through sample. 

Equation 13 is Lambert’s expo- 
nential absorption law, which may be 
expressed in terms of the common 
logarithm base (10) as 

I, =I, 10-* (14) 
where ¢ is the extinction coefficient. 
The constants ¢ and yz are related: 


elog. 10 = uw, or ¢ = 0.4344 

The ratio of exit intensity to 
cident intensity is transmissivity: 

T =1,/I (15) 
and percent transmission is 
i = 1007J,/] (16 
In spectroscopic work a common pa- 
rameter is optical density 
d = logy (1/T (17) 
From Equation 14, d = eL. 

If the radiation-absorbing agent is a 
single component present in the sam- 
ple at a concentration c, the absorp 
tion coefficient is 

18) 
where a is the absorption coefficient 
per unit of concentration. This rela 
tion between absorption coefficient 
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FIG. 3. Representation for deriving expression 
for energy absorption through sample cell. 


and concentration is Beer’s Law. 
When there are n absorbing compo- 
nents it is often possible to regard 
them as independent, so that the net 
absorption is the same for a mixture 
as it would be for n separate samples 
each containing the appropriate con- 
centration of the component in ques- 
tion. Therefore, in generalized form 
Beer’s Law is 
M > arg Cs 


where a, is the absorption coefficient 
per unit concentration of component i, 
and c, the concentration of compo- 
nent i. Then the complete general 
form of the Beer-Lambert absorption 
law is 


(19) 


I, = I,exp[—L = a; e} (20) 

Equation 20 applies strictly to radi- 
ation of a single wavelength only (e.g., 
monochromatic light). In most ana- 
lytical instruments a broad spectrum is 
used, and an exact analysis requires 
integration of Equation 20 over the 
effective energy spectrum. However, 
in many applications Equation 20 is 
valid to a fist approximation. 


SINGLE-BEAM INSTRUMENT 


The simplest absorptiometric instru- 
ment is the single-beam arrangement, 
Figure 4. The response equation for 
such an instrument may be derived as 
follows: since only a fraction k, of the 
total source power (I,) is incident on 
the sample cell window, then 


Now if the sample cell windows taken 
together transmit a fraction k, of the 
incident energy, and the sample trans- 
missivity is T, the intensity of the radi- 
ation emerging from the cell will be 

I, =kike Tl, (22) 


Usually the detector transforms the 
radiant energy into current or voltage 
signal. If the detector sensitivity is k,, 
a signal 
ea = ky ka ks TI, (23) 

will be generated by the detector as a 
result of the radiation. In general 
there will be a noise signal + N made 
up of detector noise and amplifier 
input noise, which must be added to 
the signal given by Equation 23. The 
amplifier input signal is then 

QE= ky ky ks aie = N (24) 
Finally, if the amplifier gain is k, and 
the recorder sensitivity is k,, the re- 
sponse equation will be 


R=kkekskekeI,T = kgkgN (25) 
If a, is the absorption coefficient and 
Cm the concentration of the compo- 


nent to be measured, the sample 
transmittivity is 


r=exp| —L («. en +)" a; «) (26) 


To calculate the performance pa- 
rameter and error of the single-beam 
analyzer, the response equation is ob- 
tained by substitution of Equation 26 
into 25, 

R = K exp [—L (am tm + 





IL=k I, (21) 
be aids 
Radiation source 
®) Sample cell 
lo 











may be thought of as an instrument 
sensitivity factor independent of the 
nature of the sample and the sample 
cell length. 

In summary, the performance pa- 
ra. eters and error for a single-beam 
instrument are 

> Sensitivity— 

Su = aaLKT (29) 
> Cross-sensitivities—For the inter- 
fering components in the sample, 


S; = a;LKT (30) 


For the instrument parameters K, 
. K, and I, 


S;=KT/ki3 t#=1...5 (81) 

Si, = KT/I, (32) 
> Noise— 

oR = kekyN (33) 


> Discrimination ratios—For the in- 
terfering components in the sample, 
(34) 
Discrimination is determined com- 
pletely by the absorption coefficients, 
which are constants of nature; no com- 
pensation for interference is provided 
by the instrument (single-beam). 

> Instrument error—From Equa- 
tion 8 the error equation for the 
single-beam analyzer is 


1 - Al, 
En = ak [zD« Ac; + ¥ + 


pat + Aer | an 
7 
This equation expresses the maximum 
error about an indicated value caused 
by maximum deviations (with the 
worst combination of signs) in param- 
eters about their average values. 
Consider the errors arising from the 
following individual sources: 
1) deviations in interfering com- 
ponents—E,,; 
2) deviations in instrument pa- 
rametetrs—E 
3) noise—Eqs 
Interfering components contribute 


an error 
Ac; 
E., = y Ros 8 
ml D; 


i 


Dj = am/aj 


(36) 





Laje))*kkN (27) 
where K =k, kj kekke le (28) 
Amplifier 
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FIG. 4. Single-beam absorptiometric analyzer. 
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independent of instrument parameters. 
Instrument parameters contribute 
an error 
Ema = (1/amL)/(AK/K) (37) 
Noise contributes an error 
Ems = (1/am LT)/(N/e:) (38) 
where e, = k,k,k,I, is the detector sig- 
nal with the sample cell empty 
(T =.2}. 

With the single-beam instrument 
the errors caused by instrument pa- 
rameter deviations can be serious 
because the errors are completely un- 
compensated. For satisfactory stability 
each parameter must be controlled 
within the limits set by AK in Equa- 
tion 37. That is, the analyzer must 
maintain fixed mechanical positioning 
of components despite temperature or 
pressure changes (Ak, ~ 0); constant 
window transmission despite dirt in 
samples or environment (Ak, ~ 0); 
constant detector sensitivity despite 
temperature or humidity changes 
(Ak, ~ 0); constant amplifier gain in 
the face of aging tubes, temperature 
changes, etc. (Ak, ~ 0); constant 
recorder sensitivity (Ak, ~ 0); and 
constant source intensity despite 
changes in power supply or ambient 
temperature (AI, ~ 0). 

Thus, the “simple” single-beam in- 
strument actually requires very close 
control of all instrument parameters 
for satisfactory performance, a require- 
ment that may be complicated and 
expensive to achieve. 


Optimum cell depth for 


single beam analyzer 

The criterion used here for deter- 
mining optimum cell depth is min- 
imum error. To determine optimum 
cell depth it is necessary to differenti- 
ate Equation 37 with respect to L, 
set the result equal to zero, and solve 
for the required cell length L. This 
procedure leads to the implicit func- 
tion of cell length (L): 








AK 
e# (ul, — 1) = + - (39) 
e; 
where pb = Am Cm + ya C; (40) 


7 


Although Equation 39 cannot be 
solved explicitly for L, it can be plot- 
ted, Figure 5, and »L (and thus L) 
can be determined graphically for any 
particular case where AK/K and N/e, 
are known. 

It is worthwhile to reconsider the 
physical meanings of AK/K and N/e,. 
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FIG. 5. Optimum cell depth function. 


The quantity AK/K is the maximum 
fractional deviation in the lumped 
instrument sensitivity parameter. It 
is, of course, the sum of the 
individual maximum fractional devia- 
tions in source intensity, geometry, 
window transmission, etc., and may 
be expressed as 


AK Al, Ak, , Ak, 


7 tase ee See 
Ak, , Akg t Aks 
eae ee 

The quantity N/e, is the ratio of 
random noise (due to detector and 
amplifier input) to the signal level at 
the amplifier input when the sample 
cell is empty. Usually it is possible to 
measure or estimate both AK/K and 
N/e, reasonably well. 

Three cases of particular interest 

are: 


(41) 


P If noise is the major problem, 
N/e, > 4K/K; 


then el (ul — 1) +0 
and pL = ] 
In this case T = 1/e or t = 36.8 per- 


cent, the familiar 1/e law for optimum 
cell depth. 

P If instability of instrument 
parameters is the major problem, 
say AK/K = 100 (N/e) 
then e#” (ul — 1) = 100 
and yl = 3.65; t = 2.6 percent. 
For no noise whatever, then e” x 
(uL — 1) — o, L — o, and the 
maximum practicable cell depth would 
be used. 

> If noise and instability are com- 
parable. 


say AK/K = N/a; 
and yl = 1.28; 


eel (ul —_ 1) = ] 
t = 27.8 percent 


For the first case (where AK/K 
0), it is interesting to plot the sensi 
tivity function (Equation 29) as a 
function of L to see whether the 
choice of cell length is critical. Such 
a plot appears in Figure 6 (for the 
function S,, = ALe“*’). The loss in 
sensitivity is only about 27 percent for 
a cell 0.4 or 2.0 of optimum length. 


Single-beam instrument 


with zero suppression 

The single-beam instrument has an 
inherent response to an infinite range 
of the measured variable because of the 
exponential character of the absorp 
tion law. However, in applying a plant 
stream analyzer it is often desirable 
to record the measured variable over 
some finite range of values. The ana- 
lyzer must have a suppressed zero and 
a finite span. One simple method of 
accomplishing this is to use a recorder 
with a suppressed zero. The response 
equation will then have the form 


R= af (3 T + ke v) — | (42) 
ks 


where e, is the input signal to recorder 
for zero reading (suppression signal). 

Analysis of this response equation 
will show that the error contributed by 
deviations in the recorder sensitivity 
factor k, vanishes at the value of the 
measured variable corresponding to 
recorder zero. This result confirms a 
fairly obvious intuitive conclusion, but 
is important as a stepping stone to 
more complicated systems. 

If zero suppression is applied at the 
amplifier input rather than at the re- 
corder, it is found that errors con- 
tributed by both recorder-sensitivity 
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FIG. 6. Sensitivity as a function of cell length. 


and amplifer-gain deviations vanish at 
the instrument zero point. This result 
illustrates the rule that zero suppres- 
sion should be injected at the earliest 
possible point (closest to the radiation 
source) in the system. In fact, a com- 
plete duplicate of the analyzer, or bet 
ter yet the multiplexing of identical 
components, to generate the zero sup- 
pression signal will minimize instru- 
mental errors. The result is a double- 
beam analyzer. 


DOUBLE-BEAM ANALYZER 
WITH DIFFERENCE 
MEASUREMENT 


A general form of double-beam ana 
lyzer, Figure 7, contains separate radia- 
tion sources, separate optics, separate 
detectors, and separate amplifiers for 
generality. However, it is desirable to 
eliminate as many parallel elements as 
possible to improve stability. For ex 
ample, if a common amplifier is used, 








changes in amplifier gain will cause no 
error at the null point. 

Using primed symbols for the sec 
ond beam, the following response 
equation for the double-beam instru- 
ment is valid: 

R =K’T’ — KT + 


[(ka ks N’)? + (ka ks N)2]' (43 


The sensitivity factor and transmission 
of the reference beam are set so that 
R = 0 when 1 I’., ignoring noise. 
That is, 

| ek KT, (44 
Here the recorder is simply reading 
the difference between the output sig 
nals of two single-beam analyzers, one 
of which serves as a reference and does 
not contain the sample stream to be 
analyzed. 

The complex expression for the 
error in such an analyzer would show 
that there is no compensation for 
deviations in instrument parameters 
other than recorder sensitivity if thes¢ 
parameters vary independently. In 
practice, systematic changes in most 
parameters wil have the same sign 
and be similar in magnitude in both 
beams. Hence a partial compensation 
exists at the zero point. 

'urther improvement can be real- 
ized by combining detector signals 
and using a common amplifier; then 
amplifier gain has no effect on read- 
ings at T = T,. Similarly, by elimi- 
nation of separate detectors and 
separate sources, the ultimate com 
pensation poss.ble in a double-beam 
difference-measuring instrument is 
reached. But this compensation is 
effective only at the zero point. Errors 
can be large on up-scale values because 
the recorder deflection is directly pro- 
portional to the factor K, so that 
changes in source intensity, detector 
sensitivity, etc., directly affect the 
reading. This difficulty may be over 


















































VIG. 7. Double-beam absorptiometric analyzer. 
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The new “561” indicating controller responds to 
temperature changes of 0.1° or less! And is yours at a 
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FIG. 8. Dual beam ratio recording instrument with single optical path and two wavelengths. 


come by using a ratio recording sys- 
tem (or a null balance system). 


DOUBLE-BEAM RATIO 
RECORDING INSTRUMENT 


Many variations of the double- 
beam arrangement are possible (e.g. 
two sources, one detector; one source, 
two detectors, etc.). For simplicity 
in analyzing the double-beam ratio 
recording system, the arrangement 
will be considered with one source, 
one detector, and one amplifier. Fig- 
ure 8 is one possible configuration. 
This system uses a ratio recorder (e.g. 
potentiometer recorder). Its response 
will have the form 


R=ke [ (ko! T’) /(keT) = (N/e1) — pol 
where 

po = (K2'T’) /(keT.) 
and k, is the recorder sensitivity fac- 
tor in terms of ratio and T, the sample 
transmittivity at the value of the meas- 
ured variable corresponding to zero 
on the recorder. 

From the response equation the fol- 


(45) 


lowing error equation for the double- 
beam ratio recording instrument is 
derived: 


he P Be. x Aks _ 
Bam ty [ 1b Dae t r) le 
T Ap. , Ak’, N 
T. ot +r ng 
where k’ = ky! T’/ke 


Deviations in the source intensity, de- 
tector sensitivity, and amplifier gain 
do not appear in Equation 46 and 
therefore are eliminated as sources of 
error. However, it is never possible 
in practice to make the radiation 
source or detector look perfectly iden- 
tical in both beams regardless of the 
configuration used. For example, in 
an infrared instrument, if a single 
optical path and time sequenced filters 
are used to provide two wavelengths, 
Figure 8, the source intensity and the 
detector sensitivity and temperature 
coefficient will not be the same at 
both wavelengths. These factors may 
be taken into account in deriving the 
response equations by treating the 


EXAMPLE OF ERROR CALCULATION—II 


Determine ppm water in benzene: 


a» = 120 cm ag = 0.69 cm™- 
at 1.9 microns 


If the sources of error.are 


Ae 9001; ~~ =0.001; 
p k 
and x = 2x 10% 
1 


the optimum cell depth for the appli- 
cation will be given by 


e* (x—1) = 100; x =0.69L =3.65 
L = 5.29 cm 
Then 7, = e** = 2.60 X 107 


and the error at T = T, will be 
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é 1 
En = * T50X 5.29 
2 x 10° 
X | 0.001 + 0.001 + 260 x 107 


= #1,58 (1 + 1 + 0.769) x 10° 
E,, = 4.4 ppm ' 
The minimum detectable change is 


given by the noise factor alone, 
(Ac,)min. = + 1,2 ppm 

and slower drifts (in window trans- 
mission, etc.) would-introduce errors 
of +3.2 ppm. 

It is interesting to compare this re- 
sult with the error for a single-beam 
instrument having a similar noise level. 


source and detector as though they 
were dual instead of single elements. 
Then the instrument sensitivity param- 
eter k’ includes the ratios of source 
intensities and detector sensitivities 
as multipliers, but the general form 
of the equations for error and opti- 
mum cell depth is unchanged. 

The expression for optimum cell 
depth for the double-beam instrument 
is much more complex than in the 
single-beam instrument. However, at 
recorder zero for minimum instru- 
mental errors the expression has the 
same general form as for the single- 
beam instrument: 

A. 


k 
el (yl — 1) = ~— 


Apo 
y+ (9) 
a 

Thus Figure 5 may be used again in 
determining optimum cell depth. 
However, other limitations may pre- 
vent using the optimum cell depth. 
For example, the optimum length may 
be so long that the signal level is too 
small to operate the instrument using 
the available amplifier. 


The only difference is that AK/K = 
+0.010 is about the best practical 
stability. Hence, for optimum cell 
depth, 
e* (t — 1) = 500; 
Ta 77X 10%: 
and the“error will be 


z, = 





1 
120 X 7.05 


2.0 x 107° 
0.77 X 107 
= 1.18 (10 + 2.6) x 10+ 
E,, = #15 ppm 
(Ac,)min = +3 ppm. 


x (oo + 


and 





The new “561” indicating controller responds to 
temperature changes of 0.1° or less! And is yours at a 
competitive price! These two features alone make it an 
instrument you should investigate... but there’s more! 


You can choose from five standard temperature 

ranges .. . within the span of —50 to 600°F. Further- 

Here’s ) 1° more, scales start and end within your ranges, permit- 
° ting larger graduations, better legibility, easier read- 

out. And control and indication are separate but simul- 


oo o . 
Sensitivity ata taneous. Should your indication fail the “561” will 
continue to control with complete accuracy. 
C titi P . ! This precise instrument gives unvarying perform- 
ompe 1 1ve rice a ance. Its indication and control will not vary with fluc- 
tuations of input voltage nor changes in ambient tem- 
perature. It offers the option of either ON-OFF or 


proportional control . . . has 10 AMP/120 VAC relay 
... Fenwal’s New “561” capacity. Smartly styled to complement modern indus- 
trial machines and interiors, the “561” offers you all 

Temp erature Controller these extras at a competitive price. 


A Fenwal engineer will be glad to supply informa- 
tion on the “‘561’’, or any other temperature control in 
Fenwal’s broad line. Write Fenwal Incorporated, 2910 
Pleasant Street, Ashland, Massachusetts. 


Another 
example of how 


CONTROLS TEMPERATURE... PRECISELY 
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FIG. 1. Control system to 
supply constant current 
power. Network (reversed) 
converts constant voltage 
of variable autotransformer 
to constant current power 
supply of rectifier. This 
system limits power in 
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How to Supply 


Constant Current Power 


ROYCE D. ECKARD and JOHN D. SALISBURY 
Lawrence Radiation Laboratory, University of California 


When electrical energy consumption has to be controlled carefully, as in 
an accurate electroplating operation, a constant current power supply is 
desirable. Here is the analysis of a network that can be used to convert a 
three-phase constant voltage power supply to a three-phase constant current 
input. In this article the network is applied to control vacuum plating by the 
electron bombardment process. 


Electron bombardment vacuum plating (see box 
on next page) requires a current-limited power sup- 
ply because glow gas discharges occur and these are 
essentially short circuits. In such an application a 
constant current power supply limits the power 
available to feed the discharge so the short is cleared 
rapidly. This feature supplies continuous operation, 
an essential for the process since any interruption 
in heating may ruin the plating run. A constant 
current supply can control other processes with 
similar restrictions. 

The control system shown in Figure | contains a 
network that converts three-phase constant voltage 
power to a three-phase constant current input. The 
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network regulates the power input to a standard, 
three-phase, full wave, 20-kw rectifier. With the 
network, the rectifier can supply any stabilized value 
of current or voltage from zero to the full rated direct 
current output of 4 amps at 5 kv. 


Circuit analysis 


If a single-phase constant current network were 
used, such as in Figure 2, an undesirable ripple fac- 
tor would appear. A three-phase network reduces 
the ripple factor but the basic theory can be under- 
stood from an analysis of a single-phase network. 
The key point to prove is that the current through 
the resistance load Z is independent of the value of 











Electron bombardment vac- 
uum plating takes place in 
an enclosed envelope. Elec- 
trons emitted by the heated 
filament bombard the an- 
ode, which is made of the 
metal to be plated. The 
steady pounding of elec- 
trons heats the anode so 
the metal evaporates and 
coats the object to be 
plated. 
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the load’s resistance. In Figure 2 (below), 
Here is the proof: 
E-NZe 
Z 
Since J, = E/Zr, then J; may be rewritten 
g- 22 
hw ae. . EB Br-Ze 
Pe Z ar 2 
The total impedance is 
ZZi 
Sot FTE, 
221 
Z+Zi 


i= 


Zr = 


sothat Zr—Ze= 
Substituting in the equation for Is, 
oor _ 

,- Ht 24% EF 
ciet Zr Z = Zr Z2+Z1 
If the value of Z, from Equation 3 is inserted in 
Equation 5, 


(5) 


I, = Seas ee 
ZZ, Z2+2Z, 
“e+ Fra, 
on pny ec 
ZoZi+2Z (Ze + Zi) 
FIG. 2. Single-phase constant current network 
illustrates the basic theory. 


Pate, Soe 
Z2cZ4+2Z2¢c2Z21+Z22; 


If the capacitor and inductor are assumed to be 
lossless elements, then, at resonance, when 

Zt =Zc, 

XL = ZL and 
But X¢ and X, have opposite signs, so the term 
(Zo + Zz) becomes zero and 


Xe = Ze 


I, = ¢ = constant 
thus proving that I; is independent of the load. 

In a practical circuit, the resistance of the capaci- 
tor can be neglected. As long as the parallel equiv- 
alent internal resistance of the inductor, whose 
value is approximately Owl (where O is the sharp- 
ness of tuning and is the angular velocity), is large 
compared to the load impedance Z, its effect is 
small enough to be ignored. 

This same reasoning can be applied to a three- 
phase circuit. The regulating network in Figure 
1 is delta-connected and can be considered as three 
independent loads since the zero-sequence currents 
circulate in the delta. To simplify the analysis, the 
control engineer can consider the Y-equivalent of 
the delta load; Figure 3 (next page) shows one phase 
of the three-phase network in equivalent form. From 
this analysis, the currents and phase relationships can 
be determined. 

The current in line 0’ should be maintained as a 
constant. By analysis by means of the superposition 
theorem (see Reference 1) the current is 


poet 22 Eve + 2, Ew (6) 
2,2; + Z (Z, + 22) 


the current in the inductor is 


Eos (Z + Z:2) — EZ 
2:22 + Z (Z; + Zs) 


the current in the capacitor is 


I,’ 








Iie = 
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Bux (Zi + Z) — EZ 
Zi 22 + Z (Z; + Zs) 
and the current in the constant power line is 
I a Boa (22 +2, + Z2) — Z (E.» + EB.) (9) 
7 2,22 + Z (Z, + Z:2) 
These equations can be simplified by three 
assumptions: 
1) Exe + En» + E,. = 0 
2) There are negligible losses in the reactive com- 
ponents 
3) The frequency is such that the reactances are 
of equal magnitude. 
Since E44, E,», and E,, are vectorially 120 deg apart, 
Ea» = Eo» a Eu. 


In = 


and because of the simplifying assumptions, 


Z, = 5X 
Z: = — jX 


Substituting these values into Equations 6 
j Eat 


I,’ = X 


(11) 


12) 


- 


Equation 12 is significant because it shows that 
the current in the constant potential supply line 
leads voltage E,. if the load is inductive and lags 
E42 if the load is capacitive. The constant current 


network reverses the apparent phase angle of the 
load. 

The designer must calculate inductance L and 
capacitance C of the constant current network to 
make the actual network agree with this analysis. 

Since the load—the rectifier—is a 20 kw device 
and the input power in the circuit of Figure 4 is 
240 volt, three-phase, 60 cycle, the input power is 

P; = V3 Ea,’ 1,’ cos 0 
where cos 6 1 because the rectifier load is prac- 
tically pure resistance. 

From this expression, the constant current I,’ is 


FIG. 4. Circuit parameters for the network. 


FIG. 3. Each arm of 
the network can be 
considered an 
independent load. 


given by the equation 
ies = ll 20,000 
V3Eu' V3 x 240 
It was already shown in Equation 10 that 


= 48.1 amps 


a 


j Ea 
X 
so that the reactance 


I,’ 


240 


4n1 7 5 ohms = | Xz| = | X, 


From this reactance, it is easy to calculate the size 
of inductor and capacitor to use: 
x 8 
Le) ae 
jw 377 
oe 
joie Gas 


= 13.25 millihenries 
= 530 microfarads 


Changing the constant current value 

In the physical circuit, Figure 5, capacitance Ze 
is composed of ten 50-microfarad capacitors in 
parallel; inductance Z, is an air core coil of 13.25 
millihenries. The capacitors in parallel regulate the 
value of the constant current. When a capacitor is 
switched from impedance Z» to a parallel position 
with Z,, resonance is maintained with an increase 
in reactance, and a corresponding reduction in cur- 
rent. Each capacitor switched reduces the output 
current by 10 percent. 

Three switches have been used. One switches a 
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single capacitor from impedance Zz to Z,, another 
switches two capacitors, and the third switches four. 
In this way, the current can be decreased in steps of 
10 percent down to 30 percent of its maximum value. 
If currents are needed between these steps, line volt- 
age E.,, can be varied to obtain them. 


Load impedance control 


The plating application dictates one other control 
requirement: load resistance must be held constant 
(except during flow discharges) to maintain the 
constant heating necessary for uniform plating. In 
this circuit, emission control of the filament sta- 
bilizes the load resistance, since the load is an emis- 
sion-limited diode. The power dissipated is also 
controlled by filament power. 

If the load voltage decreases, the filament regu- 
lator senses this change and decreases the current 
supplied to the control winding of the saturable 
reactor. Impedance of the reactor increases, thus 
decreasing the power to the filament of the load. 
In this way, a tendency toward any change of the 
load voltage is opposed by the filament regulator 
feedback loop. 


Operating experience 

Two larger three-phase networks have also been 
built, the largest rated 120 kw at 20 amps. These use 
iron core instead of air core reactors in the inductors. 
Iron core units are about one-half the size of the 
equivalent air core reactors. 

For even better regulation, the value of |X;| in 
each arm of the network was selected so that it is 
a little larger than |X| at normal load conditions. 


As the supply is loaded, |X;,| decreases because the 
saturation curve is nonlinear; thus |X,| approaches 
the value of |X~|. When |X;| = |Xc¢|, maximum 
output occurs. This slight variation compensates 
for the resistance loss and the magnetization cur- 
rent loss of the plate transformer in the filament dc 
power supply. 

Since the constant current power supply is in an 
overload condition when the output is open-circuited 
(as opposed to a constant potential supply which 
is overloaded when the output is shorted), a spark 
gap protects the power supply. It is placed across 
the input terminals of the plate transformer and 
adjusted to break down when the voltage reaches 
twice the normal value. An over-current relay is 
moved from a position in series with the output load 
current to in series with the spark gap so that any 
arc-over automatically shuts down the power supply. 

The constant current power supply has other ap- 
plications too. In one, it controls the temperature 
of a tungsten filament in a microscope illuminator 
light bulb. Filament temperature has been main- 
tained at 2,400 deg K plus or minus 3 deg K for one 
hour. With a constant potential power supply, tem- 
perature has drifted 50 to 100 deg K per hour. 
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A NEW SERIES 


Computer Equipment 
Comparisons 





The most comprehensive comparison of digital computer hardware ever 
published begins this month in Control Engineering’s Information Sys- 
tems section. This series will compare in great depth the features and 
characteristics of electronic digital computers, analyzing the perform- 
ance of central processors and input-output equipment including punched 
card devices, magnetic tape units, punched tape equipment, random ac- 
cess devices, and printers. These articles are being prepared exclusively 
for Control Engineering by the management consulting firm of Cresap, 
McCormick and Paget and will be designed for loose-leaf binding into a 
handbook of comparative data onappproximately 40 electronic computers. 
Complete and up-to-date collections of all articles on durable paper, and a 
special binder, will be made available through Control Engineering’s re- 
print service as the series progresses. Subscribers may save the maga- 
zine pages if they prefer by taking advantage of the handy perforations 
used on all Control Engineering feature articles. 


Prepared exclusively 


for Control Engineering by 
CRESAP, 
McCORMICK 
and PAGET 


The objective of Control Engineering’s Com- 
puter Equipment Comparison Series is to pro- 
vide a really useful aid to management and 
systems engineers when deciding computer 
feasibility and selecting the equipment best 
suited to particular needs. In addition to com- 
parative tabulations of all significant machine 
features, the articles will include glossaries of 
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pertinent terminology for each type of equip- 
ment. The series will compare the newer gen- 
eral purpose, domestic solid state computers 
now being actively sold. For completeness, a 
few widely used vacuum tube computers will 
be compared too. 

For the greatest usefulness of the compari- 
sons, available computers can be divided into 
four size groups according to monthly rental 
costs for comparable installations—small, me- 
dium, intermediate, and large. Because rental 
costs can vary depending on the equipment in- 
cluded in a system, these groupings are neither 
clearly defined nor sharply divided and must 
be recognized as somewhat arbitrary. The 
monthly rental cost is a practical basis for 
grouping because justifying a computer usu- 
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COMPUTERS TO BE COMPARED 
Grouped by Monthly Rental Cost 


MEDIUM 
($5,000 to $14,000) 
B200 

(Burroughs Corp.) 
B 205 


CDC 160A 

(Control Data Corp.) 
GE 225 

(General Electric Co.) 


H 400 
(Minneapolis-Honeywell Regulator Co.) 
IBM 650 


IBM 1401 


NCR 304 
(National Cash Register Co.) 


NCR 315 
Philco 2400 
RCA 301 
UFC 

(Remington Rand Univac) 
USS 80 or 90 

( Remington Rand Univac) 
USS II 


INTERMEDIATE 
($14,000 to $30,000) 
G 20 

(Bendix Corp.) 
B 220 

(Burroughs Corp.) 
B 5000 


H 800 
IBM 1410 
IBM 7070 
RCA 501 


Ull 
(Remington Rand Univac) 
il 


U 490 


LARGE 
(Over $30,000) 


CDC 1604 
(Control Data Corp.) 


IBM 704 
IBM 705 Ill 
IBM 7080 
IBM 7090 
Philco 2000 
RCA 601 


U 1107 
(Remington Rand Univac) 








Printer 


—LaSEO—OS 








ally requires comparing the monthly dollar ex- 
penditures under an existing system with 
monthly costs to operate a proposed computer 
system. 

The table at left shows the computers that 
will be compared in the first series of articles. 
Small size computers will be compared later. 

For the purposes of the series, computers will 
be considered as made up a central processor and 
several input and output devices as in the figure 
above. Each of the standard on-line input-out- 
put units will be compared in separate articles. 
The series will then compare the central proces- 
sors (which include the computers’ control, 
arithmetic, and memory units). Data processing 
equipment that can be operated in conjunction 
with an electronic computing system on an off- 
line auxiliary basis, such as punched card tabu- 
lators or sorters and certain medium converters 
and code translation devices, will be discussed 
in a separate group of articles after the com- 
puter equipment comparison series have been 
completed. 

The series will compare computer equipment 
in the following order: punched card devices, 
paper tape devices, printers, magnetic tape de- 
vices, random access devices, and central proc- 
essors. Other input-output devices available as 
optional equipment will be compared next, fol- 
lowed by system summaries for the medium, 
intermediate, and large size systems. 
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Punched Card Equipment for 
Medium Size Computers 


This article discusses, defines, and tabulates for comparison the significant 
features and performance data on punched card input and output devices available 
as standard equipment with the popular medium size electronic computers. Next 
month’s article will compare punched card equipment for larger computers. 


Prepared by the staff of 
CRESAP, McCORMICK and PAGET 


Punched cards are widely used for getting 
information into and out of electronic computers. 
Originally developed and patented by Dr. Herman 
Hollerith in 1889, they have since been used in many 
different sizes with many different coding schemes. 
The two most popular types of cards in present use 
with electronic computers are the 80 column Hol- 
lerith (IBM) card and the 90 column Remington 
Rand card—both 7% by 31 in. Information is re- 
corded in the cards by holes punched by an operator 
using a card punch. The positions of the holes in 
each column represent a code for numeric, alpha- 
betic, or other information. The IBM cards are 
punched with rectangular holes and the Remington 
Rand cards with round holes. 

Data recorded on punched cards can be processed 
and organized in a number of ways on commonly 
available equipment before it is introduced into the 
computer. Available punched card machines can sort 
cards into any desired sequence, interfile them with 
other cards, add, subtract, multiply, or divide nu- 
meric data recorded on them, print out any part of 
this data, and manipulate the cards and the data in 
many other ways. 

The most serious drawback in using punched 
cards as an input and output medium for computers 
has been the relatively slow speed of the card read- 
ing and punching equipment as compared to the 
internal speed of the computer itself. For example, 
one card reader can read at a rate of 800 cards per 
min. If all the cards to be read were punched in all 80 
columns, the effective reading rate would be 64,000 
characters per min. But the computer associated 
with this card reader can transfer 80-character 


records internally at a rate of 2,380,000 characters 
per min, which is approximately 37 times faster 
than the maximum character rate from the punched 
card reader. 

Punched card input and output devices are some- 
times housed in separate cabinets, Figures 1 and 
2, and sometimes in the same cabinet, Figure 3. 
However housed, the reader is the input device, 
which reads data from punched cards placed in its 
feed hoppers, transmits this data to the computer, 
and places the cards that it has read in one or more 
stackers for removal by an operator. The output 
device is the card punch, which usually receives 
blank cards from its feed, punches data from the 
computer into the cards, and transfers the punched 
cards into one or more stackers. Some punched 
card devices can read and punch the same card. 

Card readers and punches that serve respectively 
as input and output devices for computers are pre- 
sented in separate Equipment Comparison tables. 
Tables 1 and 2 compare speeds, capacities, functions, 
possible data manipulations, and checking features 
in each of the available medium size computer 
punched card equipments. Comparisons are made 
only for features that are standard for the equip- 
ment or regularly offered as optional by the manu- 
facturer. The tables do not compare custom built 
features. 

The characteristics of card readers and punches 
do not of themselves indicate which computer is 
the best machine for a given application. Only 
an evaluation of total computer systems will reveal 
this. But comparison of punched card input and 
output equipment can reveal significant factors. 
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FIG. 1. RCA Model 323 card reader used with 
301 computer is typical of readers 
housed in separate cabinet from card punch. 


FIG. 2. Minneapolis-Honeywell H400 computer 
uses this Model 424-2 punch in 
separate housing from card readers. 


FIG. 8. IBM 1401 computer uses this Model 1402 
reader-punch with a radial stacker that permits 
removing cards without stopping operation. 
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Tahia 4 


CRITERIA FOR 
PUNCHED CARD 
EQUIPMENT 


This section defines the criteria by which punched 
card input and output devices are compared in the 
Equipment Comparison tables. 

The tables have two main divisions: performance 
data—which lists numeric quantities or speeds given 
by manufacturers’ specifications, or calculated from 
specifications; and capabilities—which lists other 
characteristics of the equipment. 


Performance data 


The speed with which data can be read from or 
punched into the cards and the capacity of the card 
input and output devices are the primary perform- 
ance criteria for comparing punched card input and 
output equipment. 

e SPEED of card reading or punching depends on 
the rated speed of the reader or punch, and on the 
time-sharing ability of the computer. 

Rated reading or punching speed is the maximum 
number of cards which theoretically can be read 
into or punched from the computer each minute. 

Actual card reading or punching speed may be 
less than rated card reading or punching speed. 
The difference depends upon the time required 
by the computer to process data after they are 
read from or before they are punched into each 
card. For example, to maintain the rated punch- 
ing speed the computer must be ready to transmit 
data at the precise moment that a card is ready 
to be punched. If the computer is not ready a 
percentage of the punching time is lost. 

The number of holes to be read from or punched 

into a card has no bearing on the card reading 
or punching speed because the speeds of the 
input or output devices are geared to the handling 
of the cards rather than to the numbers of holes 
in the cards. 
Time sharing ability indicates the maximum per- 
centage of time available to the computer for the 
simultaneous performance of other operations 
while the card is being read or punched. The 
higher the percentage of time available the 
greater the amount of computing that can be per- 
formed during the card reading or punching time 
and the greater the possibility that actual reading 
or punching speed will equal rated reading or punch- 
ing speed. In equipment for which the number of 
eard columns affects time-sharing, the tables show 
minimum and maximum figures. 

Certain computers have limitations which pre- 
vent some or all of their devices from sharing 
time with other devices. 

e CAPACITY of card readers or punches is meas- 
ured in various ways: 

Maximum number of units indicates the maximum 
number of cards reading or punching units which 
can be connected into a computer system. Some 
computers can increase over-all card reading or 
punching speed by alternating the use of several 
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card readers or punches. This increase in speed is 
possible only if the system is not limited by the 
number or complexity of other operations which 
must occur between each card reading or punching. 
Number of alphabetic columns read or punched is 
the number of columns of alphabetic data which 
can be read into or punched from the computer in 
a single card. While all computers can read or 
punch numeric data, some computers have limited 
alphabetic reading or punching capabilities. 
Number of feeds is the number of hoppers into 
which punched cards can be placed for reading 
into the computer. The availability of extra feeds 
can often reduce the amount of card manipulation 
necessary prior to entry of cards into the computer. 
This criterion does not apply to output devices 
because most card output devices punch into a sup- 
ply of blank cards. Various card formats can be 
punched and the cards are sorted mechanically 
during or after the computer operation. 
Feed capacity is the number of punched cards 
which can be placed in a feed hopper while await- 
ing reading into or punching from the computer. 
Number of stackers is the number of output stack- 
ers which are available to receive punched cards 
after they have been read or punched. Just as 
with extra feeds, the availability of extra stackers 
can reduce the amount of card manipulation neces- 
sary to complete a processing operation. 
Stacker capacity is the maximum number of 
punched cards which can be received in a stacker 
from the card reading or punching operation. 
Feed and stacker capacity are important because 
they give an indication of the frequency at which 
computer operations might have to be suspended 
in order to load or unload cards. 


Capabilities 


e FUNCTIONS of card readers and punches in- 
clude read off-line, punch off-line, read only, punch 
only, and read/punch. 

Read or punch off-line indicates a reader’s or 
punch’s ability to transfer data from punched 
cards to magnetic tape or from magnetic tape to 
punched cards without involving the central proc- 
essor, which is thus free to do other operations. 
Read only, or punch only, indicates that the com- 
puter is capable only of reading the data in the 
card being fed through the card reader or only of 
punching data into the card being fed through the 
card punch. 

Read/punch indicates that the computer is capable 
of reading the data in the card being fed through 
it and is also capable of punching data into the 
same card. In devices of this type, the reading and 
punching stations must be synchronized; there- 
fore, reading and punching occur at the same 
speed. The use of the read/punch capability thus 
reduces the over-all rated speed to that of the 
slower unit. However, by reducing the number of 
punched cards involved in a processing operation, 
this capability can sometimes reduce total job time. 
® MANIPULATION of cards during card reading 
or punching includes sorting and format control. 
Sort indicates the ability to separate the cards 
read or punched into more than one stacker, on the 
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basis of a decision contained 1n the program stored 
in the computer. This ability can reduce later ma- 
nipulation of cards which have been processed by 
the computer and depends upon the number of 
stackers on the reader or punch. 

Format control indicates the availability of a plug- 
board or contro] panel on the punch card input or 
output device, which permits rearrangement and 
selection of data being read from or punched into 
cards, without computer intervention. The plug- 
boards or control panels can be costly to buy, wire, 
and maintain. However, this cost can be offset by 
the reduction in computer time required to edit 
data after card reading or before card punching. 
e CHECKING FEATURES ensure the accuracy of 
data being read from or punched into cards. These 
features may be divided into three groups: those 
used only in reading cards, those used only in 
punching cards, and those used i both. 

Dual reading is used to check card reading. Each 
card column is read twice and the two readings 
are compared. Any comparison difference causes 
an error signal or stops the computer. 
Read/compare is used to check card punching. 
Each card is read after it has been punched, and 
the data read are compared with the data at their 
source in the computer memory. Any comparison 
difference signals an error or stops the computer. 
Validity checking is used to ascertain that no 
blanks or wrong combinations of punches are read. 
Double punch/blank column detection may also be 
used to check card punching. The computer can 
automatically check specified columns of the card 
to ensure no blanks or invalid punch combinations. 
Hole count is used to check both reading and 
punching. In card reading, the total number of 
holes punched in a card is counted at a first 
reading station and compared with the number of 
holes counted for the same card at a second read- 
ing station, thus checking the reading devices. In 
card punching, the total number of holes punched 
in a card are compared against a hole count gen- 
erated by the computer, thus checking the punch- 
ing device. In either case, differences in hole count 
will signal an error or stop the computer. 

Misfeed or jam detection may also be used in 
checking both the card reading and punching de- 
vices. If any card fails to pass from the feed to a 
read station or to a punch station at the instant 
the device is ready to receive it, or if a card 
becomes jammed in the feeding mechanism of an 
input or output device, the device stops and in 
some cases signals an error. 





NOTES FOR TABLES 


. Card readers, punches, or printers. 
. Any input-output device. 
Average rather than maximum. 
. Requires a special feature which provides 80 columns 
on each of two readers and 30 on the third. 
Separates only rejected cards into smaller stacker. 
. Printers or punches. 
. Varies with number of columns read. 
. Compares punch set-up with central processor. 
Non-stop stacker: drawer, drum, or radial. 
. Punch side with special feature that permits reading. 
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Get Maximum Reliability From 
Digital Magnetic Tape 


THE GIST: The reliability of digital reproduction from magnetic tape gen- 
erally cannot be improved simply by operating a recorder at lower bit 
packing densities. A recorder’s maximum reliability or capacity for reliabil- 
ity does decrease as it is designed for higher and higher maximum packing 
densities. Thus, maximum reproducing reliability will be delivered in any 
particular application by a recorder that overdrives the write heads, and has 
just adequate frequency response and the widest practical head gaps for the 
highest bit rate required. In other words, the maximum design packing 
density of a recorder should be just high enough for the application. 


KENNETH TAYLOR 
Ampex Computer Products Co. 


The reliability of reproduction from a digital 
magnetic tape recorder is commonly believed to 
be related to the so-called bit packing density of 
recording—that is, the greater the number of bits 
per inch recorded on the tape, the lower will be the 
reliability. But this is generally not true in prac- 
tice. Loss of tape-to-head contact during writing 
or reading is the major cause of tape errors, and a 
digital recorder operating at a low packing density 
is just as sensitive to signal dropouts due to tape- 
head spacing as the same recorder at a higher 
packing density. 

When a single bit is recorded as a pulse and 
reproduced, the output pulse from the read head 
has a specific frequency spectrum. in general, the 
loss due to spacing of the tape away from the 


Read signal omplitude, db 


head depends on the shortest recorded wavelength: 
spacing loss = 55 d/\ db 


where d is any tape to head spacing greater than 
the gap length and A is the recorded wavelength, 
on the tape, of the highest significant frequency in 
the spectrum of the pulse. Therefore the loss due 
to head-to-tape spacing is independent of bit pack- 
ing density for pulses that are completely inde- 
pendent of each other. 

As pulses are packed closer and closer together 
a point is reached where they begin to modify each 
other. At very high recording densities, the signal 
loses all pulse characteristics and degenerates to a 
simple sine wave. The pulse crowding point is de- 
fined as the packing density at which the ampli- 
tude of the output is down 3 db from the amplitude 
of (isolated) pulses at very low packing densities, 
see Figure 1. 

To the extent that reliability of reproduction can 





Bit packing density , bits per in, 


FIG.1. Pulse amplitude in db as a function of bit packing density 
when writing continuous “ones” with a 4 mil head gap. 
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Causes of Reproduction Errors 
During Tape Life 


DURING FIRST FEW PASSES slitter dust and foreign 
material produce transient nonrepeatable read and 
write errors which intermix with any permanent tape 
defect errors. 


AFTER FIRST PASSES permanent errors should re- 
main as the type of dropout. Read and write errors, 
if they develop, will be caused by poor tape handling 
which has damaged both the surface of the tape 
oxide and the edges of the tape. 


NEAR END OF TAPE LIFE the heads will tend to cake. 
A head cake builds up from the oxide and binder 
layer of the tape and forms directly on the heads 
(and possibly on the tape guides). A head cake 
appears to be caused by heat and pressure due to 
scratches, surface depressions, or rough areas of 
the head. 


THROW AWAY any tape which suddenly begins to 
exhibit poor reliability because of head caking. Such 
a tape should be considered permanently damaged. 
Cleaning the head will usually only temporarily re- 
lieve the situation. After caking starts, the oxide 
surface of the tape becomes rougher and softer than 
normal, and this surface condition accelerates re- 
formation of the cake. This condition is more re- 
levant to short repeated passes than to full-reel 
passes. 











be considered as a direct function of a recorder’s 
insensitivity to tape spacing dropouts, reliability 
is independent of tape packing density at any 
density below the pulse crowding point. Thus, 
operating any recorder at reduced packing density 
will not necessarily increase the reliability of 
reproduction. 

On the other hand, the maximum reliability that 
the recorder can deliver does depend on the pack- 
ing density, and reliability can be made higher at 
lower packing densities by making the elements 
that contribute to frequency response just suf- 
ficient for the packing density required. How this 
can be done is described later. 


Multiple tracks limit pulse timing .. . 


The discussion so far has considered the effects 
on recording reliability of single-channel packing 
density. Other factors are involved in multiple 
track systems. These factors limit the maximum 
packing density to something lower than that for 
single track systems, because of pulse timing re- 
quirements in associated parallel gating circuits. 

Figures for the maximum packing density of 
multiple track systems derive from interchannel 
time-displacement tolerances. Write and read head 
gap scatter, dynamic skew, tape speed variations, 
pulse detection consistency, and clocking system 
design contribute to time displacements in me- 
chanical and electrical forms. Time shifts can also 
occur when a pulse is recorded or read under con- 
ditions that are typical of a partial dropout. 
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Two general effects fall into the latter category. 
The first is caused by amplitude-sensitive puise- 
detection systems, which can have detection time 
errors of approximately one-half the pulse width 
for an 80 percent pulse amplitude reduction. Poor 
pulse resolution during a dropout increases this 
error. (With the more common peak detection 
system, tape spacing will not produce any shift in 
detection point.) 

The second effect is caused directly by tape 


.spacing. The effective point at which the pulse is 


written on the tape shifts relative to the trailing 
edge of the write head gap as a function of 
spacing. 


... but not reproducing reliability 


All of these effects tend to decrease the maxi- 
mum packing density practical for any multichan- 
nel recording system because of timing tolerances 
in associated circuits, but have little effect on the 
reproducing errors due to tape spacing dropouts. 
In fact, design approaches that increase the maxi- 
mum packing density by decreasing sensitivity to 
interchannel time displacements will still deliver 
less than maximum reliability in applications 
where the high maximum packing density is not 
necessary—just as any single recording channel 
will. 


Causes of signal dropouts 


Tape signal dropouts usually fall into three 
categories: 
e Permanent errors due to defects such as pinholes 
or oxide exclusions intrinsic in the tape that make 
a recorder repeatedly incapable of reproducing 
usable information 
e Write errors due to nonrepeatable momentary 
loss of write head-to-tape contact during the writ- 
ing process (tape spacing caused by foreign par- 
ticles, tape surface defects, physical deformation 





FIG. 2. Pulse envelopes from two different 
drop-out areas show similarity of envelope shape. 
Recorded packing density was 200 bits per in. 
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of the tape, or poor tape handling) 

e Read errors due to nonrepeatable momentary 
loss of read head-to-tape contact even though the 
correct information is still retained on the tape. 

Momentary loss of head-to-tape contact is pres- 
ently accepted as the major cause of tape errors 
throughout the life of a tape (see box). This is 
demonstrated by the characteristic shape of the 
envelope of output pulses through a dropout. With 
a pin hole or oxide exclusion that does not lift the 
tape from the head, there is a sharp change in 
output pulse height that lasts only as long as the 
defect is over the head. But the most common drop- 
outs have the envelope shape shown in Figure 2, 
which depicts the gradual lift of the tape from the 
head in the area of the defect and its gradual 
return to close contact. 

Dropouts resulting from head-to-tape spacing 
cause a decrease in amplitude of the signal recov- 
ered from the tape. This loss can be produced by 
a reduction in the strength of flux recorded on the 
tape, such as the drop-out spacings that occur 
during the write process. The loss can also occur 
if a correctly recorded tape is spaced during 
subsequent reading. 

A read spacing loss results from two effects. One 
is a reduction in the amount of flux coupled to the 
read head because of the spacing between the head 
and tape. But most of the loss is caused by the 
reduction in high-frequency response which ac- 
companies poor head-to-tape contact. The charac- 
teristic read-head output rises 6 db per octave, so 
any reduction in response to the relatively instan- 
taneous step function of tape flux reduces the 
amplitudes of the most prominent frequencies in 
the pulse. In other words, as the tape is spaced 
farther from the read head, the higher frequency 
components contributing to the pulse amplitude 
are replaced by lower ones with lower amplitudes. 
The over-all effect produces a drop in amplitude 
of digital pulses until they can no longer be de- 
tected as valid bits, and hence become dropouts. 


How to get maximum reliability 


For a single-channel recorder, there is a specific 
maximum reliability, that is, a reliability capacity, 
for any given bit packing density. In multichannel 
recorders, the maximum packing density is limited 
by mechanical and electrical timing tolerances, and 
the reliability can never exceed the single-channel 
reliability. The problem then is one of raising the 
reliability of the system to capacity. In general 
this can be done by any technique that tends to 
destroy high-frequency response, pulse resolution, 
or single-channel maximum packing density. Such 
techniques increase the write flux intensity. Write 
flux greater than saturation substantially im- 
proves the ability ef a recorder to write through 
permanent tape errors with better amplitude and 
resolution in the depths of a dropout, see Figure 3. 

Some of the techniques that can be used to in- 
crease reliability toward capacity include opening 
of the head gap, reducing the bandwidth of the 
read detection system, and purposely operating the 
tape out of contact with the head. Tape spacing 
sacrifices resolution for insensitivity to head-to- 
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MORE RELIABILITY THROUGH 
SAME DROP-OUT AREA 





B—Higher write current 


VY 
LAA I 





C—Plus wider head gap 


A—Permanent drop-out read by 4 mil 
head gap and 75 milliamp write pulse. 
B—Same drop-out area with same head 
but 150 milliamp write pulse 

C—Same drop-out area with 1 mil head 
and 150 milliamp write pulse. 


tape separation, and will produce less change in 
signal strength and resolution of pulses during 
drop-out conditions. 

Thus, single-channel reproducing reliability can 
be improved by using any real drop-out desensitiz- 
ing technique such as increasing write flux 
strength, and reducing the effect of dropouts by 
purposely making the system respond poorly to 
normal pulses. Such improvements are limited be- 
cause they degrade the performance of the read 
and write systems, which must be kept adequate to 
handle the digital data rate specified by the re- 
corder application. But the result will be a digital 
recording system that operates near maximum 
reliability at the packing density specified. 
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View of 16,000 BPSD PLATFORMING@ unit at the Houston, Texas, Refinery of SHELL OIL COMPANY, licensed by 
UNIVERSAL OIL PRODUCTS COMPANY and designed in conjunction with Shell. 


DEPENDABLE MONITORING SINCE INSTALLATION IN 1956 


The Panalarm remote system is particularly 
suited for central graphic control panels used in 
most refining processes. Back-lighted nameplates 
are conveniently located in the process flow and 
actuated remotely by hermetically sealed alarm 
relays mounted in strip chassis or adapter cab- 
inets. Meets Class I, Group D, Division 2 
requirements. 





The Platforminge process enables a refiner to make a larger percentage 
of top quality gasoline and petrochemical intermediates. 


Every major oil and petro/chem firm uses reliable Panalarm Annunciators. P@n@larm Annunciators warn Platformer). 
: : i ; a operators when undesirable conditions 
Panalarm maintains a large staff of annunciator engineering specialists develop at critical points by illuminating 


to assist with special annunciator design and application problems. For your — 4PPropriate translucent plates on this graphic 


. ‘ ; ‘ ‘ control panel, only a portion of which is 
specific annunciator requirements, contact Panalarm; sales and engineering — gown. When desired, a simultaneous audi- 
offices are in all principal cities. Your inquiry will receive prompt attention. ble signal also attracts attention. 


ANNUNCIATORS - CONTROL PANELS - DATA SYSTEMS 
A division of ISI Incorporated 


7401 North Hamlin Avenue, Skokie, Illinois - Phone ORchard 5-2500 





Counter Watches 
Out for 
Transients 


R. N. MICHAEL 


Locomotive and Car Equipment Dept., 


General Electric Co. 


Voltage transients only microsec- 
onds long can destroy the highest volt- 
age transistors and semiconductor reéc- 
tifiers now available. But detection 
is dificult with normal measuring de- 
vices, which are not very effective for 
voltages of short duration and whim- 
sical occurrence. This portable six- 
channel transient voltage counter and 
level indicator, Figure 1, was adapted 
from a design by F. W. Gutzwiller 
(see G. E. Semiconductor Products 
Dept. Technical Paper 200.16). Typi- 
cal applications include: 1) checking 
amplitude distribution of transients in 
circuits where semiconductors are to 
be applied, 2) determining effective- 
ness of protective or filter circuits, 
and 3) monitoring semiconductor tests 
for the presence of transients. 

Each channel acts as a_ bistable 
switch with automatic reset. The 
user presets a threshold voltage (0- 
1,000 volts in the basic range) on a 
precision pot dial; if this voltage is ex- 
ceeded for 4 microsec, the circuit 
actuates a counter and then resets. 
Maximum repetition rate is 20 cps. 
The instrument will operate unat- 
tended for five days on self-contained 
batteries, and maintains an accuracy 
of 3 percent from 0 to 150 deg F. The 
six 500,000-ohm inputs can be con- 
nected to different circuits or tied to- 
gether and the pots set to various 
levels to get statistical amplitude data. 

The circuit, Figure 2, uses a uni- 
junction transistor, O,, to compare the 
input signal with a reference and trig- 
ger counter I,. The input value at 
which QO, conducts is set by 10-turn 
potentiometer R,, and the relation- 
ship betweer. pot setting and the trig- 
gering voltage developed across R, is 
linear. The voltage to be monitored 
is introduced at the signal input jack 
and stepped down by a factor of 200 
in the network consisting of R., R., C,, 
and C,. C, and C, maintain the di- 
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IDEAS AT WORK 


FIG. 1. Counters total transients that exceed pot settings. 


viding ratio at all frequencies 

Transistor QO, with zener diode 
CR, applies regulated 19-20 vde across 
voltage divider R,R,;. Battery voltage 
fluctuations do not affect instrument 
accuracy until the battery voltage 
drops below the avalanche voltage of 
CR,. The push button “test” switch 
can be used to check operation of the 
trigger circuitry and counter. 

When Q, conducts, C, discharges 
through CR,, Q,, and R, to fire the 
silicon controlled rectifier. The SCR 
actuates relay K,, and K, energizes 
the counter and removes supply volt- 
age from the SCR, resetting the cir- 
cuit. Capacitor C, delays relay drop- 
out sufficiently to prevent it from act- 
ing like a buzzer. 

C, is trimmed by applying a 100 kc 
or higher frequency square wave to 
the signal output and adjusting until 
the waveform across R, has the same 
shape as the input waveform. If a 
variable high voltage supply is avail- 


able, R, is best calibrated by feeding 
known voltages to the signal input 
jack. If only a low voltage supply is 
available, it can be connected to the 
calibration jack and its output mullti- 
plied by the divider ratio to find the 
corresponding input voltage. 

Tests on the counter showed a max- 
imum error of 20 volts—2 percent of 
full scale—for rectangular pulses from 
1 microsec duration to dc. For shorter 
pulses the error increases, and for 
peaked waveforms the instrument reads 
the voltage level at which the pulse 
is approximately 1 microsec wide. 

Separate 22.5-volt batteries (RCA 
VS102 or equivalent) are required for 
each channel. The static current drain 
is 4 ma, and the moméntary trip cur- 
rent is about 120 ma. A 6-volt light- 
ing battery (Eveready 510S or equiv- 
alent) operates the counters on all 
six channels and has a life equal to 
three sets of the individual 22.5-volt 
batteries. 
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FIG, 2. K, is dpdt relay with 12-vde coil; I, is a 6-vdc 
counter. Other five channels are identical 





Data loss due to drop- 
outs is eliminated in FM 
predetection recording- 
reproducing by Mincom’s 
new, exclusive Tracklok® 


This is because, for the first time in the field of instru- 
mentation, the Tracklok makes possible redundant FM 
data recording at the carrier level. In any desired FM 
or PM-type carrier system, data loss is eliminated by 
a 99% skew reduction; existing skew of +0.3 us for 
example, is effectively reduced to +0.003 us, a reduc- 
tion of 100 to 1. 


Tracklok 


Completely Compatible: The new Tracklok is designed 
to improve the predetection performance of Mincom’s 
l-mc Series CM-100 Instrumentation Recorder / Re- 
producer (which now, on special order, performs to 
1.5 mc at 120 ips). Tracklok can be incorporated into 
all existing Series CM-100 systems, since it is com- 
patible with CM-100 or any comparable recorder- 
reproducer in the standard IF carrier frequencies. 


Reliable Simplicity: The same reliability that has been 
typical of Mincom’s instrumentation systems for years 
Shown here with the Min ilt j 
Serie CM-100 1.5-me inaruanentetibe has been built into Tracklok. 


Recorder/Reproducer, a standard auxiliary rack 
houses (from the top down) an oscilloscope monitor 
unit, the new Tracklok, and a demodulator. 


MINCOM owsion 3m MINNESOTA MINING & MANUFACTURING CO. 


2049 SO. BARRINGTON AVE., LOS ANGELES 25, CALIFORNIA + 529 PENN BLDG., 425 13th ST. N.W., WASHINGTON 4, D.C. 
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Cam Valves Align 


of Giant Crane 


GLEN T. HOLEN 
Travelift Div., Drott Mfg. Co. 


The rubber tired steering wheels 
of the 50-ft wide crane in Figure |] 
could not be connected mechanically, 
but an inexpensive hydraulic system 
keeps them aligned to reduce tire 
wear and minimize stresses. 

Steering cylinders at each wheel, 
Figure 2, are connected in series and 
controlled by a four-way steering valve. 
Initial alignment is done by adjust- 
ing the volume of oil in the line con- 
necting the cylinder rod ends. If this 
volume changes due to leakage or tem- 
perature variation, the circuit admits 
oil to or bleeds oil from the line. 

Cam valves are mounted on the 
Travelift frame at each steering wheel 
and stroked by cams mounted on the 
steering wheel pivots. When the 
wheels are in alignment and pass 
center position the cam valves shift 
simultaneously, and nothing happens. 
If one wheel passes center position 
before the other, oil is admitted to 
or bled from the steering line (de- 


Wheels 


pending on the direction of wheel 
motion and which wheel is leading) 
This happens each time the wheels 
pass dead center until alignment is 
established. 

The crane, which can carry 50-ton 
loads at 100 ft per min, was built 
for United Technology Corp. to trans- 
port large rocket motor segments. En- 
gineering was by R. A. Stearn, Inc., of 
Sturgeon Bay, Wis. 
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FIG. 1. Steering wheels could not 
be mechanically connected 


FIG. 2. Cam valves 
adjust oil in steering 
line each time wheels 
pass dead center 
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Eddy Currents Check Tubing On-Line 


H. N. NERWIN 
Magnaflux Corp. 


The manufacture of electric weld 
tubing is a continuous process where 
sheet stock of proper width is fed 
through forming rollers and a weld- 
ing mill. A nick, extreme oxidation, 
or dirt on the edge of the sheet can 
cause a void, poor weld, or other defect 
at the weld zone. Also, chips or other 
foreign particles picked up on the 
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FIG. 1—Dc field suppresses permeability variations; 


differential coils induce eddy currents. 


forming rolls can damage the tubing 
surface, so some form of inspection 
is a must. 

Generally the mill operator slices 
out an occasional section of tubing 
and subjects it to flaring and bending 
tests. Except for a submerged air test 
to check each length for leaks, the 
complete product is not inspected 

Magnatest SD-100 Series equipment 
inspects steel tubing continuously and 
rejects any imperfect sections. On its 
way to the cutoff table, the tubing 


passes through a pair of balanced, dif 
ferentially connected coils, Figure | 
These coils are excited by an oscil 
lator and buffer amplifier, Figure 2, 
and are also part of a bridge circuit 
A defect under one of the coils changes 
the impedance of that coil, unbalances 
the bridge, and gives an output signal 

The differential coil arrangement 
helps eliminate background noise due 
to diameter, conductivity, and tem- 
perature variations in the tubing 
Permeability variations are suppressed 
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>. 2. Detect signal from bridge triggers cutoff saw. 
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160,000,000 digit impressions without failure 


Rugged, Trouble-Free— Digit-Matics are specially 
built to stand the strain of continuous operation. In 
a durability test, over 160 million digit impressions 
were made without breakdown or need of adjust- 
ment. The machine tested operated continuously, 
eight hours per day until 160 million digit impres- 
sions were made. During this period only normal 
lubrication and cleaning were performed. 


Parallel or Serial Entry — Automatic and un- 
attended, solenoid-activated Digit-Matics print out 
alpha-numeric data from remote equipment. High 
speed parallel entry models accept up to 10 digits at 
a time, print up to 4 lines per second. Serial entry 
models accept 1 digit at a time, up to 11 per line. 


VICTOR 


ELECTRONICS DIVISION 


Victor Adding Machine Co., Chicago 18, Illinois 
Victor Adding Machine Co., (Canada) Ltd., Galt, Ont. 


Manufacturers of Digit-Matic Printers, Scanning Printers, 
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Electrical Keyboards, and Digit-Matic Data Punches 
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Two-Color Printing — Positive values in black, 
negative values in red. Ideal for “‘accept-reject’”’ se- 
quences, testing applications, accumulating data from 
two sources on one Digit-Matic, and many other uses. 
Adaptable to Your Specific Needs — Line in- 
cludes listers, accumulators and calculators. Versa- 
tile units can handle degrees, minutes, seconds, 
fractions. Other modifications: superimposed key- 
board for manual use, time readings, counters, etc. 
Immediate Field Service — 70 factory service 
branches and service representatives in over 600 
cities assure uninterrupted operation. Victor offers 
30-day delivery on most Digit-Matics. Mail coupon 
now for product data and application information. 


Victor Adding Machine Co. 
Chicago 18, Hlinois 


Send full information on Victor Digit-Matics. 
My application is 

Name 

Company 

Address 


City State 


— ee eae ae ae ee es 


CONTROL 





ENGINEERING 


by applying a high level de field at 
the point of inspection. This reduces 
the permeability to a value approach- 
ing that of air. 

The bridge output is fed through 
an amplifier, demodulator, and a tuned 
bandpass filter that further discrimi- 
nates against unwanted information 
such as diameter changes. Next comes 
an amplitude selective circuit that 
passes only signals that exceed a preset 
level. As soon as this circuit is trig- 
gered, a warning light flashes, and the 
information is registered in a combina- 
tion time delay and memory system 
that delays the first cutoff signal until 
the defect is just behind the saw. 


Later it supplies a second signal to 
cut the tubing just behind the defect. 

Where defects generally occur some 
distance apart, a simple RC circuit 
provides the single time delay required. 
For more complex applications, a shift 
register or magnetic drum can re- 
member many defects and control 
cutting accordingly. 

The equipment, Figure 3, operates 
satisfactorily at any tubing speed be- 
tween 25 and 800 ft per min and 
accommodates tubing from % to 4 in. 
in diam. Different coil assemblies are 
installed for different tubing sizes, and 
an integral bridge is provided for bal- 
ancing them. 


FIG. 3. Tubing feeds through coil 
assembly at 25-800 ft per min 


Dipping Chromatograph Tube 
Collects Microgram Samples 


R. C. PALMER 
Grifhn & George Ltd., 


London, England 


Chromatographs using capillary col- 
ummns require more precise sample in- 
jection systems than chromatographs 
with packed columns. Capillary col- 
umns demand samples measured in 
micrograms, compared with the normal 
packed column sample of 1 milligram 
for liquids—equivalent to about 1 cc 
of gas. Liquid syringe injectors or gas 
loop switching handle larger samples 
without difficulty. Normal practice 
with capillary tubes is to use one of 
these techniques with splitting devices 
to reduce the sample size. But gas or 
liquid impinging on the hot splitters 
causes explosive pulses, and this effect, 
coupled with fractionation at the split- 
ter plates, often makes the sample 
quantities actually entering the capil- 
lary column indeterminate. 

The system pictured in Figure 1 in- 
jects microgram quantities of gas di- 
rectly into the capillary tube. It was 
developed for use on the Chromato- 
scope, a new high speed, CRT display 
instrument in which high repeatibility 
of sample size is essential. Figure 2 
shows how a solenoid moves the capil- 
lary tube inlet from a 100-percent 
carrier gas region into a 100-percent 
sample region. The dwell time in the 
sample region determines the size of 
the sample slug; this can be varied 
from 0.4-0.5 microgram to ten times 
that amount. Rectangular samples 
with rise times around 4-6 millisec and 
decay times only slightly longer can 
be injected. 
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Carrier gas enters the w-in. diam 
mixing chamber through the upper in- 
let; the sample stream enters from be- 
low. A central 0.02-in.-high annular 
exit exhausts to atmosphere through a 
reducing valve and simultaneously pres- 
surizes the capillary tube inlet. Carrier 
gas and sample mix in a 0.5-1 mm long 
region at the middle of the chamber. 
When the solenoid is pulsed, it moves 
the capillary inlet down from position 
P to O, 4.5 mm below the mixing 
zone and saturated with sample gas. 

Carrier diffusion into the bottom 
section and sample diffusion into the 
upper region are eliminated by adjust- 
ing the flow rates through the mixer 
unit. The formula C = C,~*"” gives 


FIG. 1. Solenoid (at top) dips 
capillary into sampling chamber. 


the concentration at any distance X 
back against a linear stream with 
velocity V and diffusion constant D 
(on the order of 0.1 sq cm per sec for 
gases). Diffusion effects become neg 
ligible within 0.3 mm of the exit 
point, and the capillary tube passes 
through this indeterminate muxture 
zone in | millisec. Sample repeatibil- 
ity depends only on solenoid action. 
An added feature is the glandless 
connection between the capillary 
column and the mixer unit. The 
normal 0.03-in. o.d. capillary is made 
a sliding fit within the upper end of 
the mixer. The only leakage is a slight 
bleed of inert carrier gas from the 
upper portion of the mixing column. 
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Here lie 707 rolls of paper tape 
shot full of holes by Tally Perforator #171 


Lotg miley the Sau / 


LIFE TESTING PROVES RELIABILITY 
OF TALLY READERS AND PUNCHES 


The only way to really find out if a machine is reliable 
is to run it to death. That’s what Tally engineers are 
literally doing with perforator #171 as part of a con- 
tinuing program to prove and improve the accuracy 
and reliability of Tally tape equipment. 

On October 20, 1960, perforator #171, chosen at ran- 
dom from a production run, started a life test with an 
alternate hole pattern verified by a Tally reader. 


As of Feb. 13, 1961, perforator #171 had completed 
70,700,000 cycles of accurate operation with only two 
minor mechanical break-downs. Repairs were made in 
a matter of minutes. This is a record of reliability that 
speaks for itself. 


RELIABILITY IS ONE REASON TO CHOOSE TALLY 
“State of the art” technical excellence is another. Only 
Tally punches give you the benefit of asynchronous 
operation. Speed is completely variable. A unique wire 
clutch lets you vary speed for slaving to other equip- 
ment which simplifies the design of logical systems. 
Tally punches are priced from $1,000. Standard per- 
forators operate at 60 characters per second and will 
punch 5, 6, 7, and 8 channels without modification. 
On special order up to 32 channels are available. 


TALLY FIELD ENGINEERING OFFICES: ATLANTA, Georgia, | 3-2475 * 
* CINC 


lowa, EMpire 5-6183 * CHICAGO, Illinois, KEystone 
jline 6-9455 * DETROIT 
JEfferson 9- eft 
Jefferson 1-7765 « tds ANGEL California, 
GArden 4-0730 « PHILADELPHIA 


Only Tally readers give you the benefits of “full bit 
accountability.” Using Form C switching, you get 
positive sensing of the presence or absence of holes. 
Reading rate is 60 cps in either direction — instantly 
reversible for rapid search and select. Readers have 
triggered tape feed readout with the rate controlled by 
external equipment. Reader prices begin at $595 for 
standard units capable of reading 5, 6, 7, or 8 channels 
without modification. 


FOR A DEMONSTRATION OR MORE INFORMATION 
You may arrange a demonstration or secure full tech- 
nical information by calling your nearest field engi- 
neering office listed below or writing directly to factory. 


PS. If you are having problems making complex mul- 
tichannel programming tapes, call us about that too. 
We're making up 16 channel guaranteed error-free 
tapes for some of the nation’s most sophisticated mis- 
sile and satellite programs. 


TALLY 


REGISTER CORPORATION 


1310 Mercer Street + Seattle, Washington 
Phone: MAin 4-0760 


dale, Black Orne 2349 (CLEVELAND Ohl Tega 63835, COAYTON Obie’ 
1 ° Ohio e . 
AVenue 5-3125 * FORT WORTH, Texas, WAinut 6-4444 * HOUSTON, 
JA 2-992 * INDIANAPOL 
NEW YORK 


ORLANDO, ISCO (Palo Alto 
3-0128 « * Starmet, WASHINGTON, EAst 3-8545 « outs, view 6-2233 * ST. PAU PAUL, Minnesota, Midway 3443 + WASH .c. 
(Arlington) Virginia, JAckson 4-2272 + WICHITA, ‘Kansas, Urray 3.3751 =. WINSTON-SALEM Carolina, PArk 3-3281. 10 
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Controller Combines 
Electronic Sensing With Pneumatic Output 


LESLIE R. AXELROD 
The Powers Regulator Co. 


The proportional controller devel- 
oped by the Powers Regulator Co. 
turns temperature data from one or 
more thermistors into a pressure sig- 
nal to operate heating or air condition- 
ing equipment. Figure 1 is a block 
diagram of a single point control sys- 
tem using one thermistor to monitor 
room temperature T,. The resistance 
of this thermistor is compared with 
the resistance of a setpoint potenti- 
ometer in a dc Wheatstone bridge. 

Summing is accomplished using 
multiple input windings on a mag- 
netic amplifier. The amplifier output 
is connected in push-pull; the differ- 
ential output current drives a novel 
transducer and is also fed back to the 
amplifier input to compensate for the 
dead zone of the transducer. Without 
the rate feedback of this minor loop 
the system would oscillate and never 
maintain a setpoint. 

The transducer, Figure 2, is an air 
valve mechanism operated by a dif- 
ferentially wound electromagnet. It 
has three positions—supply, neutral, 
and exhaust—that depend on the po- 
larity of current through the electro- 
magnet. The output pressure signal 


from the transducer goes to a pneu- 
matic operator (valve or damper mo- 
tor) and to a bellows in the feedback 
unit. This bellows and an adjusting 
spring position the armature of an E-I 
differential transformer. The spring 
is set so that the armature is in mid 
position when the control pressure 
equals 8 psi. 

An excitation voltage is applied to 
the transformer primary, and the out- 
put from the secondary is proportional 
to armature position. This output is 
demodulated and fed back through a 
sensitivity contro] to an output wind- 
ing on the magnetic amplifier, forming 
a proportionality loop. 

As long as T, = T,, the setpoint 
temperature, the bridge output and 
the differential output of the amplifier 
are both zero, and the transducer 
stays in neutral position. Assuming 
the control pressure is 8 psi, the feed- 
back unit is also in mid position, and 
the feedback voltage is zero. 

If room temperature T, increases, 
the thermistor resistance drops, and 
there is an output voltage from the 
bridge and differential current in the 
amplifier output winding. This actu- 
ates the transducer, opening the sup- 
ply valve. The increased control pres- 
sure forces a valve to close and reduces 
the steam going to a heating coil. 


FIG. 1. Three loops provide temperature comparison, 


dead zone, and sensitivity adjustment. 
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FIG. 2. Output pressure signal 
sets armature of feedback unit. 
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As the contro] pressure increases, 
the feedback unit armature moves 
from its center position. The air gaps 
are no longer equal, and the net flux 
linking the secondary induces a voltage 
that is fed back to the summing point. 
The pressure continues to increase un- 
til the feedback voltage is equal and 
opposite to the output of the bridge. 
Then the error signal into the ampli- 
fier is zero, and the transducer returns 
to neutral position. As the new valve 
setting starts decreasing the tempera- 
ture, opposite actions occur until fi- 
nally the temperature is restored to its 
setpoint and the control pressure is 
returned to 8 psi. 

When the sensitivity pot is set so 
that minimum voltage is fed back to 
the summing point, a large pressure 
change is required to buck out the 
voltage developed by the bridge in re- 
sponse to a temperature change. When 
the pot is set for maximum feedback, 
little pressure change is needed to 
buck out the bridge voltage and re- 
turn the transducer to normal. 

In master-submaster and averaging 
operation, three bridges are paralleled 
ahead of the summing point. Two 
thermistors check fan discharge and 
outdoor temperatures; the room tem- 
perature bridge has a fixed resistor or 
a third thermistor. 
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FROM FAIRCHILD RESEARCH IN SOLID-STATE N COMP ULENTE 
Hel 
ra 0. 


It 3S-G SILIGON-SEMIGONDUGTOR SIRAIN-GAGE 
Out of continuing research in solid state has come the 3S-G family of 
PRESSURE TRANSDUCERS silicon-semiconductor strain-gage pressure transducers with accuracy 


as high as +.003% FS/Deg. F and the new Fairchild d.c. differential 
amplifier for transducer applications. Tough, tiny, and extraordinarily accurate, the transducers offer the best char- 
acteristics of strain-gage and potentiometer-type transducers plus the advantages of piezoresistive silicon-semicon- 
ductor sensing elements. &@ Fairchild 3S-G transducers have infinite resolution, self-contained calibration, unexcelled 
repeatability, and extremely high output signal. Internal temperature compensation from zero to 150° F is standard. 
Compensation over entire operating temperature range from — 65° F to 250° F is available on special order. Designed 
for new systems and interchangeable with existing military and industrial instruments, they will operate in practically 
all gaseous and liquid media. Pressure ranges are from 0-10 through 0-10,000 p.s.i.g. or p.s.i.a. Accuracy is as high as 
-.003% FS/degree F (error band). Combined linearity and hysteresis is as good as .05% terminal. Standard output 
is either 50 mv. or % v. or 5 v.d.c. (5 mv. to 5 v. available). The higher output range is especially valuable for trans- 
mission over a long line without additional amplification. &@ The Fairchild family of 3S-G pressure transducers includes 
low-pressure gage and absolute, high-pressure gage and absolute, and high-line low-differential instruments. In addi- 
tion, there is a zero-drift solid-state d.c. amplifier. Absolute and gage transducers are available in ruggedized and 
airborne versions. Suppressed or offset ranges are available in all transducers. All have significant applications for 
precise measurement, testing and control of pressure in underwater, ground support, and airborne systems. All are 
available from stock for immediate delivery. @ For more information about Fairchild 3S-G pressure transducers, 
write Dept. 52CE. 





Finest Products of Fairchild Research 
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Gyros 
PRESSURE 
TRANSDUCERS 
NTR TEE | POTENTIOMETERS 
ACCELEROMETERS 
A Subsidiary of Fairchild Camera and instrument Corporation 


; : 225 Park Ave., Hicksville, L. 1., N.Y. 
STEEL PETROLEUM CHEMICAL MISSILE UNDERWATER 6111 E. Washington Bivd., Los Angeles, Cal. 
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NEW PRODUCTS 





System 
| under test 


ANALYZER FINDS RESPONSE DATA 
based on simple input. 














This analog computer-test device produces frequency 
response plots at low cost without requiring specially 
trained personnel. Only 2 min are required to produce 
a plot from impulse response data. 

For testing, a unit step function is applied to a system, 
and the response is inserted into the analyzer through a 
mechanical plotting board as in the figure at right. The 
device computes the frequency response function over 
three decades and drives a plotter to produce the results 
directly in terms of magnitude and phase angle. Decades 
are normalized so that they can represent any frequency 
band required. The time required is short enough to 
allow on-site determination of process stability, control 
system parameters, and effect of process changes. 

For nonlinear systems the unit permits analysis by the 
describing function method. Results of a series of sinu- 
soidal inputs to the nonlinear system can be fed into the 
computing unit, and the describing function will be ob- 
tained as a series of plots of magnitude and phase angle at 
various frequencies. 

The standard model (M-101-A) is supplied with plotter Analyzer produces 
and separate power supply (not shown here) for $9,100. plot of frequency 
An auxiliary device is available to convert test signals to : 

RSET: ten 3 he case Tate es “ti response in just 2 min. 
standard 10 to 50-ma or 3 to 15-psig signals for direct 
coupling to a control system.—Procedyne Associates, Inc., 

Perth Amboy, N. J. 
Circle No. 309 on reply card 


TRANSDUCER produces 
5-volt output. 


A new solid state power supply and 
high performance amplifier are used 
in this high output (0-5 volts) trans- 
ducer. Components shown in photo 
are, | to r, sensing element, power sup- 
ply, amplifier, terminal board. Sensing 
clement now available is for pressure, 
but an interchangeable acceleration 
module is planned. 

The power supply, which along with 
the amplifier is mounted within the 
unit’s 4-in. long by 14-in. diam case, 
eliminates the need for a special regu- 
lated supply. A 28-vdc source can vary 
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WHY 
CALIBRATE? 


Calibration may be defined as the 
comparison of an instrument against 
a standard of measurement of like 
kind. Essentially, this states that a 
given set of parameters is measured 
by both the instrument being cali- 
brated and by the instrument against 
which the comparison is made. When 
the aceuracy of the calibration stand- 
ard is known then it is possible to 
determine the accuracy of the instru- 
ment being calibrated. 


Present technology advances have 
brought about increasingly complex 
parameters of measurement which, 
in turn, have increased the require- 
ments for calibration accuracies to 
that point where the methods used 
a few years ago will no longer 
suffice. The accuracies now required 
in most instances demand, not only 
very accurate calibration of the meas- 
urement instrument itself, but also the 
system in which the instrument is in- 
stalled. System calibration has become 
a requirement because the system con- 
tributes significant effects to the meas- 
urement instrument installed in it. 
This also indicates that in-place, sys- 
tem, calibration is proper, indeed 
necessary, in many cases, 


An outstanding example of the 
necessity of in-place, system, calibra- 
tion can be found in jet engine, or 
rocket motor, test stands. Measure- 
ment instruments used in these stands 
are, when calibrated separately and 
in the laboratory. subjected to a very 
different set of environmental condi- 
tions than when operating in the 
stand, itself. Further, the actuating of 
the instruments, and the effects sur- 
rounding this actuation, will cause 
the measuring instruments to react 
accordingly, sometimes injecting un- 
forseen errors into the total system. 


Why Calibrate? Calibration in its 
best form is assurance that test results 
will be traceable to known standards 
of measurement and will assure the 
accuracy of that measurement within 
well defined limits. 


General Metrics Company special- 
izes in providing assistance with your 
calibration problems. Highly experi- 
enced engineers, scientists, and tech- 
nicians are available to establish 
approved calibration techniques, de- 
sign and install calibration programs 
including the training of personnel at 
all levels, or to design, manufacture, 
and install Calibration Standards and 
systems to meet special requirements. 


For details regarding our complete 
capabilities, simply write on your 
company letterhead to Mr. Thurlow 
M. Morrow, Vice President, General 
Metrics Company, 3142 Lincoln 
Avenue, Altadena, California. 
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by as much as 2 volts without affecting 
performance. Supply also isolates the 
sensor from ground, eliminating the 
common mode problem. 

Amplifier exhibits thermal drift of 
only 1 microvolt per deg C, compared 
with 20 times this figure for other 
available units. In addition, coupling of 
amplifier and sensor in same package 
allows a better combined characteristic. 

Linearity is to within 0.05 percent 
of full scale, with hysteresis and re- 
peatability figures of the same order. 
Using a 1,000-psi sensor, the amplifier 
can provide resolution to within 1 psi; 
using best available recording tech- 
niques, 0.1 psi can be had. 

Unbonded wire strain gage is used 
as sensing element, and all semicon- 
ductor elements in power supply and 
amplifier are welded and potted for 
high reliability.—Consolidated Electro- 
dynamics Corp., Transducer Div., 
Pasadena, Calif. 

Circle No. 310 on reply card 


SYSTEMS 


~'¢ 


ITERATIVE COMPUTER 
Compact modular design and compo- 
nents accurate to within 0.01 percent 
are features of this new 3200 Series 
iterative analog computer. Nominal 
size of the computer is 50 amplifiers 
but two or more computers may be 
slaved together. Inverter bandwidth 
is 1 Meps, amplifier noise is 500 mi- 
crovolts, and drift is 20 microvolts. 
All components are housed in 2 x 7 in. 
slide-in modules. Pushbutton selec- 
tion is provided for compute, hold, 
reset, automatic recycle, slave, audible 
overload indication, and automatic 
hold modes and for meter sensitivity. 
—Donner Scientific Div., Systron-Don- 
ner Corp., Concord, Calif. 

Circle No. 311 on reply card 
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PNEUMATIC ANALOG 


A low cost building block approach 
is used in this APAC pneumatic ana- 
log computer. Standard 3 to 15-psi 
pneumatic signals are accepted to add, 
subtract, multiply, divide, take ratios, 
extract square roots, integrate, and 
differentiate. Unit will also serve as a 
function or test signal generator and 
will provide memory. Use of common 
components is said to allow flexibility 
at low cost. A typical four-function 
module should sell for about $500. 
Garrett Corp., AiResearch Manufac- 
turing Div., Phoenix, Ariz. 

Circle No. 312 on reply card 


GAS ENGINE CONTROLLER 


Optimum performance of gas engines 
in all types of weather conditions is 
possible with a new computer control 
system. A supervisory panel, a speed 
control network, and a_ pneumatic 
computer control speed and fuel-air 
mixture, Operator sets desired speed 
and mixture at a selector station, and 
a tachometer differential fuel regula- 
tion network controls speed while a 
multipoint programmed computer 
control network maintains mixture. 
Price: about $2,000.—Bailey Meter 
Co., Cleveland, Ohio. 

Circle No. 313 on reply card 


DATA HANDLING 
& DISPLAY 


FAST DATA TRANSMITTER 

Capable of operating at speeds up to 
62,500 characters per sec, this new 
1945 magnetic tape transmission unit 
has now been made available for tele- 
phone data links. A remote tape read 
ing control unit, the 1945 is designed 
to operate with the manufacturer's 
729 tape drive. For transmitting, a 
computer controls a remote tape unit 
by means of voice frequency tones 
On receipt of a go signal, the transmit 
tape is set in motion. Information on 
the tape is sensed by dual-level circuits 
and transferred as seven parallel bits 
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Communications versatility at your fingertips 


With Teletype Model 28 printers your messages 
and data can be sent quickly and economically to 
any destination, near or far. But this is only part 
of the story—these printers offer an array of op- 
tional features that can multiply the usefulness and 
versatility of your communications system, save 
you important time and effort. Here are examples: 


e Pin-feed platen for controlling multi-copy busi- 
ness forms. 


e Choice of platen widths to accommodate almost 
any size form or message paper. 


e Vertical as well as horizontal tabulators. 
e Automatic form feed-out—spaces out completed 


= = 
a Gis Blo 


form with one key stroke, brings next form to 
starting position. 

e Variety of type styles and sizes. 

e Parallel-wire arrangement for business machine 
print-out. 

e Built-in sequence selector for controlling remote 
equipment. 

e Adaptable for DATA-PHONE and telegraphic 
communications services. 

Teletype equipment is manufactured for the Bell 
System and others who require the utmost re- 
liability from their data communications systems. 
For further information write to Teletype Corpora- 
tion, Dept21K,5555 Touhy Avenue, Skokie, Illinois, 


rele Tt ¥YrP— 


CORPORATION © sussiuany of Western Electric Company me 
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to the broadband transmission chan- 
= - nels. When receiving, the 1945 ac- 
V } b r Pas | t j nr G cepts parallel data signals, amplifies 
them, and enters them into a com- 
» puter through an adapter. Monthly 
Ae Pas | p rs | | t @) § Ss rental rate for the 1945 (two are re- 
quired for a data link) is about $1,100. 
—International Business Machines 
Corp., Data Processing Div., White 
Plains, N.Y. 
Circle No. 314 on reply card 


MODULAR RECORDER 


Featuring plug-in design, this 300- 
kcps laboratory recorder/reproducer 
is designed for quick system expansion 
or reorganization. Replacement of the 
entire chassis is limited only by the 
time required to change the cabling. 
Besides directly recording and repro- 
ducing at 300 keps, the FR-100C pro- 
vides FM and PDM recording with 
FM response to 20 keps.—Ampex 
Corp., Redwood City, Calif 

Circle No. 315 on reply card 


BASIC CIRCUIT | ELECTROSTATIC RECORDING 
High recording speeds are the result 
of the Omni-Data’s unique paper tape 
recording scheme. The recorder elec- 
trostatically records permanent visible 
spots on the tape instead of punching 
holes through the paper. The recorder 
accepts standard data pulses (—12 
volts for a mark and sprocket, 0 volts 

for a space) and records spots in the 
same code as on punched tape. Unit 
has own power supply, tape drive, and 
controls, It will handle up to eight 
information channels and a sprocket 
channel to record on tape widths of 
tt — 1} in. Recording speed is up to 
600 characters per sec with units for 
2,000 characters per sec operation now 
under development. | Price is $7,584. 
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10 years without periodic maintenance! 


The reed relays in the new Cubic V-70 series of digital voltmeters assure you of a decade of flaw- 


less service. These relays (which replace the stepping switches used in conventional DVMs) have 
been life-tested for 100 million operations — the equivalent of over ten years of normal operation. 
The V-70 covers the full DC range from 1 millivolt to 999.9 volts. Balance time is 500 milliseconds; 
maximum readout time, 750 milliseconds; absolute accuracy is 0.01% plus or minus 1 digit. The 


meter has no vacuu:n tubes or moving parts; it operates in any position and is heat and shock 


resistant; the relays require no maintenance. The V-70 series 


offers the highest operating speed available in its price range: Cu. bic 


CORPORATION 
V-70, only $1,580; V-71 (with automatic ranging and polarity), 


INDUSTRIAL DIVISION 
$2,200. For further information, write to Department CT-109. GAN OIBSO 11. CALIFORNIA o RONE, ITALY 
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Atcotrol 


‘Ti new Atcotrol 305B 
incorporates the results of over 6 years of field 
experience in the control of timed industrial 
processes, laboratory and machine automation. 
Never before has an automatic reset timer been 
introduced with so much proof of reliability. 


Check these NEW exclusive features 


14 POINT TERMINAL BLOCK 


Internal and external electrical connections on terminal block 
where they belong ... 14 terminals provide complete circuit 
flexibility. 


@ ANT! BACK-UP DEVICE 


Unique gear train permits pointers to rotate in one direction 
only on short timing ranges. 


BEZEL MOUNTING and LOCK 


Provides flush mounting with recessed knob and dial. Timer 
setting may be Key-locked to prevent unauthorized tam- 
pering . . . optional feature. 


QUICK DISCONNECT 


Plug-in feature, optional, permits quick replacement of 
timer without disconnecting circuitry. Choose either type: 
plug-in or standard screw terminal installation. 


MOST MODELS AVAILABLE FROM NATIONWIDE LOCAL 
STOCKS— WRITE FOR NEW BULLETIN 3058 


AUTOMATIC TIMING 
& CONTROLS, INC. 


KING OF PRUSSIA, PA. 
®, eka 


Subsidiary of American Manufacturing Company, Inc. 


Export Department: 1505 Race St., Philadelphia 3, Pa. 


In Canada: Interprovincial Industries, 


5485 Notre Dame St., West, Montreal 30, Quebec | 
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Omnitronics, Inc. Sub. of Borg- 
Warner Corp., Philadelphia, Pa. 
Circle No. 316 on reply card 


PLUS... 


(317) Minneapolis-Honeywell Regu- 
lator Co.’s Electronic Data Processing 
Div., Wellesley, Mass., has announced 
four models of a magnetic disc ran- 
dom access storage unit for its 400 
Series computer . . . (318) Featuring 
conversion rates of up to 10,000 per 
sec, a conversion system for digitizing 
analog information for direct entry 
into computers has been made avail- 
able by Monitor Systems, Inc., Sub. 
of Epsco, Inc., Ft. Washington, Pa. 
Circle No. 317 or 318 
on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


TRANSISTOR TESTER 


The new DY-584¢4 is designed to auto- 
matically measure the elapsed time be- 
tween any two points on a high speed 
waveform in the testing of transistor 
delay, rise, storage, and fall times. 
Similar measurements can be made on 
diodes, magnetic cores, and other high 
speed components. The unit can also 
be used to measure pulse amplitude, 
area, and stored charge and for general 
purpose time interval measurement in 
the nanosecond and microsecond 
ranges. Accuracy is to within +4 per- 
cent of full scale, +0.4 nanosec. Price 
ranges from $8,000 to $12,000.—Dy- 
mec Div., Hewlett-Packard Co., Palo 
Alto, Calif. 

Circle No. 319 on reply card 


RELAY TIMER 


Said to be the first of its kind, this 
digital timer is expected to be useful 
in measuring critical time characteris- 
tics of relays. Unit consists of a pre- 
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The totally new Brush Recorder Mark 200 made these incredibly crisp tracings. No other recorder in 
existence can match them. Note the line width. It never varies . . . regardless of writing velocity, regardless 
of chart speed. The writing mechanism is electrically signaled by the position-seeking ‘‘Metrisite”’ transducer 

. ho parts to wear, infinite resolution, verifiable dynamic '2% accuracy. Traces are permanent, high- 
contrast, reproducible . . . on low cost chart paper. The Mark 200 has but three standard controls. . . 


attenuator, pen position, chart speed. Such fidelity, simplicity and economy are possible with no other direct 
writing recorder. Write for details b 
.. . they’ll speak for themselves. r ush INSTRUMENTS 


37T™ AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
© aro 





To the Engineer 


looking for a fast circuit seesaw 


If you’re in need of something better than a 
flip-flop that only partially transfers a circuit 
—something with a transit time of less than 
a millisecond—then you'll be delighted with 
AE’s Series PTW Polar Relay. This mag- 
netically biased relay will transfer a circuit 
with the beautiful regularity of an observa- 
tory clock, and trigger on only a few mils 
from your available energy source. 


Substantially smaller than other polar relays, 
the PTW’s unique design virtually guaran- 
tees the high-speed switching of a single cir- 
cuit billions of times without readjustment! 
Its service records to date in telegraph and 


teleprinter circuits and differential controls 
suggest that its life is practically limitless. 
Terminals to meet your specs. 

Our circuit engineers will be happy to work 
with you in adapting the PTW to your 
designs. Or possibly you’d like to leave the 
switching to us—in which case we can take on 
the complete packaging and more than likely 
shave your costs. 

For full information on the PTW, ask for 
Circular 1821-E — and for answers to your 
control problems, write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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cision time reference, digital counter, 
digital integrator, logic circuitry, and 
necessary controls and displays. Oper- 
ate, release, and bounce time can be 
measured for relays of up to six poles 
and with A, B, C, and D contact 
forms. Full scale accuracy is to within 
+0.05 percent. Contact current levels 
are 0.1, 10, and 100 milliamp at 30 
vde. Price: $2,295.—Leach Corp., 
Compton, Calif. 

Circle No. 320 on reply card 


GENERATES ANY WAVEFORM 


Generation of complex VLF wave- 
forms is simplified in the SG.88 gener- 
ator by a unique optical-mechanical 
system. Interchangeable transparent 
rotating discs are printed with an 
opaque pattern representing the total 
function and scanned by a narrow light 
beam. Output of this system replaces 
the conventional oscillator circuit. The 
dise’s direction of rotation can be re- 
versed to change the time sequence of 
the waveform. Frequency of the out- 
put signal is continuously variable 
from 0.005 to 50 cps. Frequency cali- 
bration is accurate’ to within +1 per- 
cent of full scale. Unit is manufactured 
by Advanced Components Ltd. (Eng- 
land). Price: $2,850.—General Meas- 
urement Co., Inc., Newton Highlands, 
Mass. 

Circle No. 321 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


SPRING SUSPENDED 


The C70-2407 linear accelerometer 
combines a novel spring suspension 
with a highly symmetrical construc- 
tion, allowing hysteresis and null sta- 
bility characteristics that were previ- 
ously unavailable. An electromagnetic 
damper provides precise dampening 


OCTOBER 1961 


The diversity of applications for Anelex High Speed 
Printers has been limited only by man’s ability to devise 
new uses for data processing systems... For more than 
twelve years, the most exacting requirements have been 
met with standard models from the complete line of 
Anelex Printers or with ingenious adaptations 
by Anelex Engineers. 


Further information available upon request 


Swneux\, ANELEX CORPORATION 


154 Causeway Street, Boston 14, Massachusetts 
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N EW! Solid State 


time/delay/relays 


..With traditional AGASTAT® reliability! 


Now available . . . solid state time/delay/relays with the accuracy essential | 
for critical missile and computér applications! ‘These new AGASTAT re- | 


lays are the result of ovér 25 years’time delay engineering and manufacturing 
experience . . . specialized experience which has made AGASTAT the 
standard of reliability throughout industry. 

Advanced design combines specially selected semiconductors and other com- 
ponents in a “modular-sandwich” configuration. Result: the standard mod- 
ules mean flexibility; uniformity; and rapid delivery of “custom” produced 
prototypes. The solid state AGASTAT is hermetically sealed . . . resistant to 
vibration and shock. Special circuitry protects against input polarity re- 
versal, provides immunity to voltage transients and continuously modified 
inputs. 

What are your requirements? These solid state relays are only 1-5/16” sq. 
... available in six standard types, with delay on pull-in or drop-out; timing 
ranges from 0.01 sec. to 10 hours, fixed or adjustable. Operation—18-32 vdc; 
-55c to 125c; load capacity to 5 amperes. Write Dept.S1-310for data sheet. 
Or ask for a quotation on your special application requirements. 


TIMING INSTRUMENTS 
Gi) ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION * ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA, LTO., 12 GOWER ST., TORONTO 16, ONTARIO, CANADA 
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calibration with temperature stability 
to within 0.22 percent per deg F. 
Pickoff is by a variable reluctance 
transducer. The nonpendulous sus- 
pension makes for a minimum of 
cross-axis sensitivity and negligible 
angular acceleration sensitivity.—Kear- 
fott Div., General Precision, Inc., 
Little Falls, N. J. 

Circle No. 322 on reply card 


PLASTIC POTS 


The new Fairite line of conductive 
plastic potentiometers is available in 
a complete range of sizes from % to 5 
in. in diam. All units use a continuous 
bulk track of conductive, high impact, 
heat resistive plastic molded with an 
insulating base of the same material. 
The track provides infinite resolution 
(to within less than 0.005 deg). Elec- 
trical resistance range is 2-50 kilohms 
+10 percent with a standard linearity 
of 0.5 percent. Power rating is 2 watts 
at 20 deg C with a 3-400 ppm nega 
tive temperature coefficient.—Fairchild 
Controls Corp., Hicksville, N. Y. 
Circle No. 323 on reply card 
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SCREW-IN SENSORS 


Surface or subsurface temperature 
measurement of units whose structural 
integrity cannot be violated can be 
made using these small screw-in sen- 
sors. Attachment is made by simply 
drilling and tapping a hole and screw- 
ing in the sensor. Tungsten or plati- 
num wound element is contained 
within a housing that is a standard 
4-in. long screw. Screw sizes are avail- 
able from 2-56 to 4-20. Accuracy is 
guaranteed to be within 0.1 percent 
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WIRE AND CABLE 


OU PONT 





You have asked... 


Q: What is the straight story on the 
flammability of polyethylene? 


A: Polyethylene is rated as a ‘‘slow- 
burning” material, like rubber and 
many other materials. Its perform- 
ance in flame tests depends on the 
construction. For instance, #6 AWG 
copper line wire with 2/64” of 
ALATHON 5, BK22 polyethylene resin 
passes the horizontal flame test. If 
you need a truly “‘self-extinguishing”’ 
insulation which will pass the U/L 
vertical flame test, use Du Pont 
RULAN flame-retardant plastic 
(based on polyethylene). 


Ci: what is the best nylon and best 
polyethylene for outdoor service? 
How long will they last? 


A: The best outdoor nylon is ZYTEL 
37X nylon resin. It contains well- 
dispersed carbon black, and a good 
heat stabilizer. We do not know yet 
what its outdoor life will be, but it 
has stood up over 17,000 hours in the 
Weather-O-Meter (unfiltered arc) 
without failure. 


ALATHON 1000 BK-30 is Du Pont’s 
best polyethylene resin for outdoor 
service. It should be good for well 
over 20 years (possibly over 40). 


Q:: | have had trouble with thermo- 
plastic jackets splitting and jamming 
conduits during pulling. Do you know 
a good lubricant? 


A: Maybe you’re using the wrong 
thermoplastic. We are having great 
success with jackets of ZYTEL 37X. 
This product is extremely hard and 
slick, exceptionally tough, easy to 
pull. 37X looks good for direct burial 
cable, too, where you have especially 
tough plowing conditions. 


Du Pont does not manufacture wire 
and cable, but supplies thermoplastic 
resins for insulation and jacketing. 











POLYCHEMICALS DEPARTMENT 
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Better Things for Better Living ... through Chemistry 
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ROUND TABLE 
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Save 20-35% installation space 


with Du Pont plastics 


Extensive research has shown that the 
properties of ALATHON polyethylene 
resins permit a thinner primary insula- 
tion with equal or better dielectric per- 
formance than other compounds. Re- 
sult: smaller over-all cable diameter and 
smaller conduits are practical. Depend- 
ing on the number and size of conduc- 
tors, savings of 20% to 35% in thick- 
ness over the older constructions are 
thus possible. 


For extreme cases, where the possi- 
bility of fire precludes the use of poly- 
ethylene, Du Pont recommends the use 
of RULAN, a flame-retardant plastic, 
in the same thickness as ALATHON. For 
secondary insulation, a thin skin of 
ZYTEL nylon resin imparts exceptional 
abrasion resistance and higher operat- 
ing temperature limit. Where mechani- 
cal abuse or chemical attack pose a 
problem, an armor of ZYTEL gives maxi- 
mum protection. 


A typical control cable design that takes advantage 
of the superior properties of Du Pont plastics is 


shown at right. For complete information 


use of ALATHON, RULAN and ZyrTe. for improving 
signal and control cable design, send for your copy 
of Polychemicals Department Booklet WC- 
nal and Control Cable Design.’’ Write: Du Pont 
Company, Rm. CE-10, Polychemicals Dept., Wil- 
mington 98, Delaware. In Canada: Du Pont of 
Canada Limited, P.O. Box 660, Montreal, Quebec. 


ALATHON’ 


Primary Insulation 
ALATHON 


or 
RULAN 


Secondary 
Insulation 
ZYTEL 


Jacket 
ALATHON 


or 
RULA 


on the 


3 “‘Sig- 





RULAN’ 


POLYETHYLENE RESINS | FLAME-RETARDANT PLASTICS 


| 
| 
| 
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Passive QUADRATRON generates 
non-linear functions 


y 


saeeeeeeeeee MAIL COUPON FOR FULL INFORMATION 
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Three ounce plug-in unit, developed by Douglas, replaces 
systems many times bigger and costlier 


The Quadratron is a unique passive 
squaring element. It is normally 
used with standard D.C. operational 
amplifiers to generate an important 
class of the most useful non-linear 
functions. Included are the fol- 
lowing: 
SQUARE SQUARE ROOT 
MULTIPLICATION SINE 
COSINE TANGENT 


This multi-function versatility is 
obtained entirely by variations in 
the external circuitry. 

The simple, compact Quadratron 
has already proved its outstanding 
reliability in the communications, 
petroleum, aircraft and missiles, 
nucleonics, instrument and glass 
industries. 


MODEL SPECIFICATIONS 


Type P, Model D Standard 


Input signal range, +100 volts 
Squaring Error, 0.4% of full scale 
Current from driving source, 2.5 ma. 


Type P, Model E improved Accuracy 
Input signal range, +100 volts 
Squaring Error, 0.2% of full scale 
Current from driving source, 1.5 ma. 


Type P, Model F for Transistorized 

Amplifiers 

Input signal range, +10 volts 

Squaring Error, 0.2 % of full scale 

Current from driving source, 1.5 ma. 
Douglas will supply complete de- 

tails related to specific applications. 


DOUGLAS 


Mr. L. M. Spencer, Douglas Aircraft Company, El Segundo, California 
Please send me descriptive material relating to the QUADRATRON 


NAME 


TITLE 





COMPANY 





ADDRESS 





CITY. 
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of full range from —452 to +1,750 
deg F. Standard models have resist- 
ance range of 20-600 ohms at 32 deg 
F. Prices range from $125 to 195.— 
Temptro, Inc., Santa Ana, Calif. 
Circle No. 324 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


CONTROLS SEQUENCES 
Ideal for selecting test equipment or 
for process startup or shutdown se- 
quencing, this new one-knob controller 
allows 256 combinations for each valve 
or switch. Each of the six cams is 
punched with a eight-pronged star 
hole which fits over the square cam- 
shaft. Any combination of valve or 
switches can be actuated by the cams. 
Eight stations are shown in the photo 
above but an arrangement of fewer or 
more stations can be supplied. Valves 
are standard two-way 200-psi units 
with 4-in. female pipe thread connec- 
tions. Switches are spdt, rated at 15 
amp at 125, 250, or 480 vac. Price for 
single switch controller: $89.50.— 
Dynak Inc., Rochester, N.Y. 

Circle No. 325 on reply card 


SCR STARTER 


A silicon controlled rectifier is used as 
the main power switch in this new 
static motor starter. Unit is designed 
with modular components and features 
high reliability because of arc-free op- 
eration and the absence of moving 
parts. Starter can be used with 20-hp 
motors or with up to 75-hp motors 
with reduced voltage. Firing and 
switching circuits are mounted in a 
standard NEMA-] wall enclosure. A 
starter for 220 volts, three phase meas- 
ures 16 x 14 x 8 in., representing an 
86-percent size reduction over satu- 
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Silent 


FOE 5 


Specify National Acme’s SL2X . . . and eliminate limit switching problems under explosive conditions. Tested and 
certified “‘explosion-proof” by both Underwriters’ Laboratories and the Bureau of Mines, the SL2X is specifically 
designed for use in the mining, chemical, process industries . . . anywhere explosions cannot be tolerated. Latest of 
National Acme’s dependable SL2 “Machine Life” Limit Switches, the 


; & i 
SL2X also offers... a variety of cam arrangements for extreme opera- wi ck t f & be ta 


ting flexibility . . . ample overtravel (67°) and by-pass (90°) . . . light THE NATIONAL 


ACME COMPANY 
operating pressure (12% Ibs. at 1%” radius). Get all the details on this new A € wee e ee oe 


CLEVELAND 6, OHIO 
standard of limit switching dependability and safety. Call, write or wire. sates Offices: Newark 2, N. J., Chicage 6, Il!., Detroit 27, Mich. 
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COMPUTER POWER SUPPLY 


power-bloc is a proven state-of-the-art regulated dc power 
supply module. Utilizing the “frozen diode” circuit princi- 
ple, power-bloc achieves precise voltage regulation without 
transistors, tubes or capacitors. power-bloc is available in over 
40 standard voltage-current ratings (from 1 volt at 10 amperes 


to 30 volts at 0.8 amperes) . 


Highest inherent reliability 
of any regulated power sup- 


ply 
Fail- safe load protection 
Immune to overload 


Dimensions of a typical 
power-bloc are 4 by 2 by 
53 inches 








For additional information on power-bloc write to Varo Inc, Elec- 
trokinetics Div., East Gutierrez St., Santa Barbara, California. 


Static Power Supplies 
Rotary Power Supplies 
Controls 

Rectifiers 

Instruments 
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2201 Walnut Garland, TJ exas 


Microcircuitry 
Infrared 

Optics 

Frequency Standards 
Magnetics 
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table core reactor starters.—Westing- 
house Electric Corp., General Purpose 
Control Dept., Buffalo, N. Y. 


Circle No. 326 on reply card 


LOW COST DELAY RELAYS 


Said to be the first line of electronic 
time delay relays available in a price 
range suitable for industrial use, these 
new transistorized devices sell for $29 
to $45. The plug-in relays have fixed 
or adjustable time delays ranging from 
100 microsec to 300 sec. Double 
throw, one, two, or three-pole varia 
tions are available with contacts rated 
at from 1 to 10 amp. Input power is 
low: 26 vdc, 2 watts max. Recycle 
time is 50 millisec.—Accutronics, Inc., 
Beverly Hills, Calif. 

Circle No. 327 on reply card 


FLOW ALARM 


An adjustable alarm is _ integrally 
mounted in the weather-proof housing 
of this new Flow-Eye flow indicator. 
The unit is made of brass for 4-in. 
pipe connections. A plug rises and 
falls with changes in flow rate, oper- 
ating a reed type of alarm switch. 
Switch is adjustable over the flow 
range of 0.05-10 gpm. Price: $50.— 
Schutte and Koerting Co., Instrument 
Div., Cornwells Heights, Pa. 
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POWER SUPPLIES 


COMPACT SUPPLY 
This Model PS110 solid state supply 


is suitable for test or operation of 
transistorized circuits, strain gages, etc. 
Output is 15 vde, 0-400 ma with over- 
all regulation to within 0.002 percent. 
Ripple is 50 microvolts. The unit 
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Honeywell 
announces 
the 

NEW 
series 


1+OO 


low flow control valve 


The addition of the new Series 1400 valve body to the 
Honeywell line of control valves now gives you a choice of 
actuator-body combinations to match your applications. 
Now you can choose the exact type and degree of control 
you need, without pushing a valve beyond its design limits 
... or without paying for more performance than you need. 


The compact Series 1400 valve body is available in a full 
range of materials, ratings and sizes, with screwed or 
flanged ends. It can be used to regulate small flows in 
process, pilot plant, research and commercial control sys- 
tems. Each body size ( 14", 34” and 1”) has a wide range of 
reduced ports with Cv’s from .025 to 11.0. Two bonnet 
constructions facilitate mounting of five types of actuators 
—three pneumatic and two electric. 


Each actuator-body combination fits a different range of 
operating conditions and performance characteristics, but 
with sufficient overlapping of these ranges to give you a 
wider selection on the basis of cost. For complete details, 
write for Bulletin B803-1. MINNEAPOLIS-HONEYWELL, 
Fort Washington, Pa. 


Honeywell 
H 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Announcing a major 


breakthrough in 


TLE Baal 


resistance temperature 


detectors 


...new RdF sheathed probe with 300 millisecond response 





























This CP platinum sensor hermetically sealed and protected 
in a 316 stainless steel sheath gives you these important 
advantages: 

FAST RESPONSE — 63.2% response in 300 milliseconds or less, 
making it the fastest sealed resistance probe available. 

FULL PROTECTION — This new sheathed and sealed probe is 
compatible with liquid oxygen and ideal for use with corrosive 
media. 

WIDE TEMPERATURE RANGE — Provides precise measurement 
from M 423°F (liquid hydrogen) to 400°F. 


TYPICAL RESISTANCE DATA RdF TYPE 3255 PROBE 
400 | 212*| 70 | 32*}-250 |-300 
737 | 522 | 438 | 405 | 150} 100 


| HEX: 
ME TAL_O-RING 
SEAL 





Temperature °F -LN 


86 





RdF STIKON 
BN Series 


Nominal Resistance OHMS 
































*Standard calibration points 
RdF Corporation offers a complete line of standard and mini- 
ature probes. Whatever your temperature measurement or con- 
Ke trol problems, write RdF Corporation for a thorough application 
RdF STRAPON engineering review. 


RN-100 


Originators of world-famous RdF Stikon® 
and Strapon resistance thermometers. 


Corporation 


Formerly Arthur C. Ruge Associates, tac. Nashua, N.H., TUxedo 2-5195 TWX NASH 188-U 
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weighs just 54 Ibs, and measures 24 x 
8 x 5 in. Under complete short circuit, 
internal regulating transistor dissipates 
less than 1 watt. Price: $190.—Dynex 
Industries, Inc., Syosset, N.Y. 

Circle No. 329 on reply card 


REMOTE SENSOR 


Sensing leads, separate from the out- 
put leads, are used on these two new 
transistorized, regulated power sup- 
plies to sense, and regulate against, 
voltage at the load rather than at the 
output lead. The Model P-56-0.5 has 
an output of 36-56 volts at 0-0.5 amp 
and the P-72-0.5 has output of 56-72 
volts at 0-0.5 amp. Maximum ripple 
is 5 mv peak to peak. Static load regu- 
lation is to within +0.05 percent; 
static line regulation is to within 
+0.05 percent for +10-percent varia- 
tion. Price for either model: $110. 
—NJE Corp., Kenilworth, N.J. 

Circle No. 330 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


VERSATILE PUMP 


Said to be the first pump of its type 
designed for mass production for the 
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Microvolt sensitivity, unmatched accuracy and 
compact design are combined with exceptional 
versatility in this completely new two channel Type 
RS Dynograph. 

All-transistorized, table or rack mounted, conven- 
iently carried for portable use, the Type RS 
Dynograph provides the same exceptional perform- 
ance specifications as the Offner Type R Dyno- 
graph. Write for complete details. 


— 








ER) 





DYNOGRAPH 


completely transistorized 
2 channel rack or portable mounting 
unmatched accuracy and versatility 


25 years Offner in- 
vented thee world’s first 
Direct-Writing Oscille- 
yroph. 


al 


Sensitivity: With preamplifiers, 10 microvolts per cm to 
50 volts per cm. 

Warm-up: Instantaneous. 

Drift: One microvolt per hour pen drift at 
maximum sensitivity. 

Ambient Temperature Range: —20° to +-60° C. 

Frequency Response: Within 10% to 150 cps, and 20% to 
beyond 200 eps. 

Recording Media: Rectilinear Heat or Electric, Curvilinear 
ink or electric, easily converted. 

Deflection Time: 2.5 MS with preamplifiers, 1.5 MS without. 


| Beckman’ OFFNER DIVISION 


of Beckman Instruments, Inc. 
3900 River Road, Schiller Park, lll. (suburb of Chicago) 











New electro-hydraulic flow control servo valve 
for industrial, aircraft and missile ground systems 


This new line of electro-hydraulic 
servo valves combines wide versatility 
with exceptional performance factors for 
industrial as well as aircraft and missile 
ground systems, 

It features high sensitivity and low 
leakage. The highly-sensitive spool-type 
pilot stage valve provides control with 
input signal power as low as two milli- 
watts. Application of dither to pilot 
stage reduces threshold level for use in 
the most exact systems. Mechanical 
feedback system balances hydraulic con- 
trolling mechanism at position indicated 
by input signal: 

The versatjlity of this valve permits 
easy modification for output flows from 
1 to 20 gpm at 1000 psi pressure drop. 
Special models available with flow rat- 
ings up to 50 gpm. Rated for system pres- 


sures up to 3000 psi, the valve will func- 
tion with pressures as low as 500 psi with 
only loss in dynamic response. For com- 
plete application information, write or 
telephone Mr. Lee Wixsom, 750 South 
Isis Avenue, Inglewood, Calif., Phone 
ORchard 1-7589, DDD Code 213. 





PERFORMANCE FEATURES OF 
TYPE 141VNS SERVO VALVES 


Pressure rating: 3000 psi operating, 
4500 psi proff, 7500 psi burst 

Port Connections: AND10050 

Internal leakage at null: 25 cu. in./min. 
max. 

Output flow: shaped or linear 

Rated flows: to 20 gpm at 1000 psi drop 
Ambient and media temperature limits: 
—65 F to 275 F and higher 


CONSOLIDATED CONTROLS CORPORATION 


—_————} BETHEL, CONNECTICUT 


 -_ 
” AMember 
of The Condec Group 








INGLEWOOD, CALIFORNIA 
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industrial market, this new variable 
displacement hydraulic pump features 
control versatility and operation to 
2,000-3,000 psi. The WO7 is of the 
axial piston type with displacement 
of the seven pistons varied by moving 
the selector block; the rotating cam 
is at a fixed angle. Minimum radial 
loads are made possible by using long 
piston rods. Displacement control can 
be by internal pressure compensation, 
manual handwheel or lever, or servo 
control. Pump has high mechanical 
efficiency since there are only two ro- 
tating parts: the driveshaft and the 
cam. Speed range is 450-4,500 rpm. 
The compact unit weighs 14 Ibs. and is 
92 in. long by 54 in. in diam. A pump 
for machine tool application would be 
priced at $100 to $200 in production 
quantities.—-The Weatherhead Co., 
Cleveland, Ohio. 

Circle No. 331 on reply card 





PRECISE ACTUATORS 


A positioning accuracy to within 0.1 
percent of stroke is said to be possible 
with these new Series P pneumatic 
positioning actuators. Designed for 
signal pressures of 3-15 psig, the actu- 
ators are furnished with either air-to- 
open or air-to-closed action and are 
fully adjustable in the field. Cylinder 
area ranges from 12.5 to 200 sq. in. 
with forces up to 18,000 Ib.—Security 
Valve Co., S. Pasadena, Calif. 

Circle No. 332 on reply card 


MINIATURE VALVE 


Said to be one of the smallest avail- 
able brass miniature three-way solenoid 
valves, the BM-300 series is credited 
as being lowest in cost for com- 
parable performance. Standard valves 
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introducing the Foxboro 
electronic d/p cell’ transmitter 


The Foxboro electronic d/p cell 
transmitter and this Foxboro 
pneumatic d/p cell transmitter 
use the identical cell body. Only 
the top transmitting mechanism 
has been changed. 


OCTOBER 1961 


Yes, Foxboro has taken its famous pneumatic 
d/p Cell and added the benefits of electronic 
transmission. It’s the new Foxboro electronic 
d/p Cell transmitter. Look at the results: 
® both power and signal travel over the same 
pair of unshielded wires — no field power 
supply required 
pressure, flow, and level transmission up to 
several miles without lag 
true force-balance design for lowest dis- 
placement — highest overrange protection 
high level 10-50 ma d-c signal provides 
powerful rebalancing force 
adjustable ranges from 5” to 850” water 


with external zero adjustment — working 
pressures of 1500 and 6000 psi 


And, of course, you get the same positive 
overrange protection, the same high sustained. 
accuracy, the same rugged construction that 
has always been standard with the Foxboro 
d/p cell transmitter. 

If you’re thinking “electronic,” it will pay 
you to investigate this important instrument 
in the Foxboro Electronic Consotrol* family. 
Get in touch with your Foxboro Field Engi- 
neer for complete details, or write for Bulletin 
21-10. The Foxboro Company, 8510 Neponset 
Avenue, Foxboro, Massachusetts. 


*Reg. U.S. Pat. Of. 


OXBOR 


REG. Vv. S. FAT. OFF. 
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MINIATURE 
ELECTRO-MAGNETIC 


~ CLUTCHES 
BRAKES ¢ 


AND 


EVERY 

PRECISION 
CONTROL 

Naa) 





FOR MILITARY, COMMERCIAL,|| INDUSTRIAL USES 


3 


Dynamic Instrument makes only clutches and brakes; thus it can offer the largest 
standard line, the most advanced new-design experience, and a highly reliable 
product .. . proven in the field by major companies to meet all Mil specs* 
Dynamic’s magnetic clutches and brakes are performance-packed precision minia- 
tures that are doing numerous vital jobs such as shaft synchronization, rapid cycling, 
precise positioning, speed control, and rapid starting/stopping m Write for full 
information. 


*Certified test reports on request. 





INSTRUMENT CORP. 190 Michael Drive, Syosset, L.I., N.Y. 


MANUFACTURERS OF PRECISION INSTRUMENT COMPONENTS THAT HAVE NO COUNTERPART AT ANY PRICE 
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are available for differential pressures 
of 0-200 psi; special designs can han 
dle up to 500 psi. NO, NC, direc- 
tional, and free venting types are in 
cluded in the series. Weighing only 
15 oz, the valve body is 1% in. in 
diam, % in. deep, and 34% in. high. 
Operate time is 8-12 millisec. Burst 
pressure is 6,000 psi. Coils are avail- 
able for 6-220 vdc, 6-440 vac, and 50- 
60 cps.—Allied Control Co., Inc., 
Valve Div., New York, N.Y. 

Circle No. 333 on reply card 


COMPONENT 
PARTS 


UNIVERSAL TRANSISTOR 


A new silicon transistor has been de- 
veloped that will perform the jobs of 
up to 40 percent of the 2,000 transis- 
tor types now on the market. The 
2N2102 combines triple diffusion and 
planar manufacturing techniques. 
Characteristics: 

Vero: 120 volts max 
Vero: 65 volts max 
To: 1 amp max 
Dissipation at case temperature of 25 
deg C: 5 watts max 
Gain-bandwidth product: 60 Mcps 
Switching speed: 30 nanosec max 
Price: about $12 in production quanti 
ties. 
—Radio Corp. of America, Semicon 
ductor & Materials Div., Somerville, 
N,J. 
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LOW COST TRIGGER 


Said to be priced at a fraction of the 
cost of comparable units, the Eii-38 
cold cathode trigger tube requires no 
filament power or keep-alive current. 
The new tube is designed for use in 
medium speed computing applica- 
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Married to your present supplier 
of capillary and restrictor tube? 
For better—or worse? Next time 
you need small diameter copper tubing for instrumenta- 
tion and control systems, think of Kensico. Join our 
large and growing family of steady customers who know 
that Kensico has earned its reputation as a Small Tube 
Specialist the hard way—by superior performance. Highest 
quality. Accurate flow testing. Exact specifications. Cour- 
teous, personalized service. Prompt, dependable delivery. 





MARRIED? 





New products from Kensico: 
capped-and-certified restrictor 
tubing—one-piece capillary tube 
and bulb assembly. Certified tubing is 100% tested to meet 
flow specifications. Available in sizes from a minimum of 
0.072” OD by 0.026” ID to a maximum of 0.172’ OD by 
0.115’’ ID. Capillary assemblies come in bulb sizes up tg 
%'’ OD maximum, by any desired length, with capillary 
tubing down to a minimum of 0.010” ID. Call Kensico to- 
day. Or write KT-61 for Free Air Flow Engineering Charts. 


msico Tube 


COMPANY DIVISION 


Robinson Technical Products, Inc. « MOUNT KISCO, NEW YORK 


Kensico Products are also available through Warehouse Distributors and Sales Representatives in Cambridge, Mass.; Middlebury, Conn.; Buffalo, 
N. Y.; Lindenhurst, N. Y.; Goshen, N. Y.; Roselle, N. J.; Philadelphia, Pa.; Flourtown, Pa.; Pittsburgh, Pa.; Cieveland, Ohio; Chicago, Ill.; St. Louis, Mo.; 
Milwaukee, Wisc.; Durham, N. C.; Dallas, Texas. 
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reliable solderless contacts 








Specify the — a i 


NEW ; TYPE LE ’ 


CLARE: LATCHING 
SUBMINIATURE 
crystal can RELAY 


The new CLARE Type LF, magnetic latehing.sub- 
miniature relay offers designers simplified. Cir- 
cuitry in small space by providing latching effect 
without transistors. Magnetic latching results in 
power economy. 

The Type LF is available with either 2-coil or 
1-coil configuration. The 2-coil relay allows com- 
plete control of the latching operation within the 
relay and provides an extremely compact oper- 
ating unit:The 1-coil relaysis somewhat more sen- 
sitive; it is adaptable to existing circuits where 
outside control is provided. The Type LF pro- 
vides the same wide range of mounting arrange- 
ments and terminals as the CLARE Type F relay. 


FOR NON-LATCHING OPERATION 


CLARE Jype F 


SUBMINIATURE 
CRYSTAL CAN RELAY 


The CLARE Type F relay is extremely 
fast and more than moderately sen- 
sitive. It is built to withstand temper- 
ature extremes, heavy shock and extreme vibration. 
Contacts, rated at 3 amperes, are excellent for low- 
level circuit operations. Send for Design Manual 203. 





For coil and mounting data on CLARE 
Type LF relay send for CPC-12. Address: 
C.P. Clare & Co., 3101 Pratt Bivd., Chicago 
45, lilinois. In Canada: C. P. Clare Canada 
Ltd., 840 Caledonia Road, Toronto 19, 
Ontario. Cable address: CLARELAY. 


Cc. P. CLARE @ CO. 
Relays and related 
control components 
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tions, time delays, electronic relays, 
and counters. Tube body is just 0.9 
in, x 0.31 in. in diam. Single units 
are priced at $1.50.—Electronics In- 
dustries Inc., S$. Norwalk, Conn. 
Circle No. 335 on reply card 


ACCESSORIES 


| i 
LOW CURRENT COOLERS 


This new line of thermoelectric cool 
ing/heating modules uses 1 the cur- 
rent normally needed to do an equiva 
lent job. Operating current for the 
Model 629 is 0-3.5.amp on 0-4 vde. 
Maximum heat pumping capacity is 
8.6 watts, and maximum AT is 60 
deg C in open air. The Model 615 
works on 0-2 vde and pumps 4.25 
watts maximum.—Jepson Electronics, 
Inc., El Segundo, Calif. 

Circle No. 336 on reply card 


BALANCES GYROS 


This mass shift compensator is an elec- 
trolytic cell with two equal masses of 
metal at opposite ends of a small glass 
cylinder. When powered by pure or 
pulsed dc, molecules of metal plate 
from one end onto the metal at the 
other end. Direction of plating, and 
thus mass shift, can be in either direc- 
tion, depending on polarity of current. 
When this device is attached to a 
gyro, this mass shift can be used to 
bring the gyro into balance. The com- 
pensator is a more attractive balancing 
solution than using weights or screws, 
since access to the compensator is by 
electric signals and is made morc 
easily. The device weighs 3 gm and 
measures 1f in. long by 0.25 in. in 
diam. Power required is less than | 
mw. Shifting capability is +10" 
gm-cm sec, 0.030 gm-cm total. Price: 
$95. Avcon Corp., Scarsdale, N. Y. 
Circle No. 337 on reply card 
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() AX reliable solderless contacts 
result in dramatic 
d reduction of 

HYFEN installation time 


wide application—all with snap-locked removable contacts 














AQUALOKT-™- 
Weather-sealed round connector— 
either ali coax or in combination 
with single conductors. 







Coax Feed-Thru 












Miniature and standard connector 
(above) and splice (below). All 
lastic shells — lightweight, dura- 
le, impact resistant 










Type MB-X 


Coax in miniature rectangular con- 
figurations. 


Coax 
Bantam HYFEN 
Connectors for standard and mini- 
ature coax—either all coax or in 
combination with single con- 
ductors. 

























Type PD-X 


Modular HYFEN inserts for all 
standard or miniature coax or in 
combination with inserts for sin- 
gle conductors. 


Coax MODULOK® 


Modular terminal block with spring- 
loaded removable contacts. 


Type ME-X 


Rack and panel HYFEN series— 
features one piece shell, one piece 
inserts. 
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12 BIT 
PANCAKE 
INCREMENTAL 
ENCODER 


FAST! 


6 million 
counts 
per minute 


OPTISYN®. . . a unique optical en- 
coder .. . shown ACTUAL SIZE 


DIRECTION SENSING 
POSITION SENSING 
VELOCITY SENSING 


HIGH RESOLUTION — 4096 counts 
per revolution 


LARGE SPEED RANGE — 
0 to 3000 RPM 


OUTSTANDING RELIABILITY——6 years 
mean-time-to-failure 


RUGGED ENVIRONMENT — meets 
MIL-E-5272C (15G shock) 


AMPLIFIER and FLIP-FLOP OPTIONAL 
(Model 15EL-2) 


APPLICATIONS: 


Military — Special designs now in pro- 
duction as pickoffs for integrating ac- 
celerometers and gyro gimbals on Navy 
and Air Force Bailistic Missile and 
Submarine Programs. 


industrial — Special low-cost designs for 
machine tools, stereomapping, and dig- 
ital computers. 


Custom designs available on request. 


Write for Technical Bulletin #611 


DYNAMICS 
RESEARCH 


CORPORATION 
38 Montvale Ave., Stoneham, Mass. 


Inertial analysis, sub-components and test equipment 





AROUND THE BUSINESS LOOP 


Crises in Semiconductors 


Overproduction, inventory dumping, immature man- 
agements, and “sucker money” from Wall Street are 
some of the reasons industry spokesmen give for 
drooping semiconductor prices. The big question for 
control engineers—the users—is what's happening to 
quality of transistors and diodes. 


Semiconductor prices have dropped 
so far so fast in the past few months 
(transistor average off 17.5 percent 
since January) that makers are seriously 
worried about the health of the indus- 
try. They fear low margin producers 
flooding the market with low cost 
products may force other makers to 
cut quality to meet prices and thus 
torpedo the reputation for reliability 
built up by the industry. Users may 
face the prospect of cheap diodes and 
transistors at the cost of the reliability 
they’ve come to expect. 

One symptom of the industry’s ail- 
ment is found in recent semiconductor 
company financial statements. Net 
profit figures are way down. Texas In- 
struments, Inc., for example, reported 
its first half 1961 sales rose 3.3 per- 
cent but earings for the period 
dropped 19.5 percent from the same 
period last year. General Instrument 
Corp., which claims to be “doing 
nicely” increased its first quarter 1961 
sales by over 13 percent, Sut net was 
up by just a little over 3 percent. And 
CBS has dissolved its Electronics Div., 
selling its semiconductor plant and in- 
ventories to Raytheon Co. CBS's ex- 
planation: “good business decision”. 

¢ Looking for the profits—Most com- 
panies—except some new ones—feel 
that there are too many producers of 
semiconductor devices. The glamour 
of the once booming industry has at- 
tracted many small firms into the busi- 
ness. According to industry gossip, 
many producers padded prices when 
they introduced a new device (it is this 
alleged practice that a Federal grand 
jury is now investigating) and the re- 
sultant high profits stimulated invest- 
ment people to back new companies. 

One question industry spokesmen 
are asking is who started cutting prices. 
Was it the small producer scared of 
big inventories? Or was it the big com- 
panies who felt they could drive the 
little firms out of the market? Some 
spokesmen think it was both. 

According to James R. McDade, 
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vice-president in charge of the Transis- 
tor Products Div. of Texas Instru- 
ments, Inc., ““The smaller, newer firms 
dump their products at lower prices 
when they get in a tight fix because 
orders haven’t increased as they, an- 
ticipated.” 

The big companies, some observers 
think, watched this dumping and told 
the newcomers, “We'll show you what 
price cutting is!”—and then outdid 
themselves. 

¢Inventories build—McDade also 
feels that actual demand has just not 
matched production. The silicon 
transistor market, for instance, is still 
90-95 percent military, he says. In the 
past it has grown at an annual rate 
of 30-50 percent, but now it is just 
slightly above what it was a year ago, 
although there are signs that it may 
be picking up. This drooping demand 
curve and the influx of new faces 
built inventories throughout the in- 
dustry and put the pressure on prices. 

Ted S. Hoffman, vice-president and 
general manager of Hoffman Semicon- 
ductor Div., puts a finger on another 
aspect of the problem, when he points 
out that good inventory practices—at 
least at a full line producer—are tricky 
with so many different products. 

Hoffman also credits business im- 
maturity on the part of many of the 
new firms for ae of the industry’s 
troubles. One bright young engineer 
frequently is the hub of these little 
firms. He has a lot of good technical 
ideas but very little marketing savvy. 

“Match such fellows against the old 
pros in the purchasing game,” says 
Hoffman, “‘and the element of imma- 
turity catches up with you. For in- 
stance, they'll quote a price, and the 
purchasing agent will come back with, 
‘you're 50-percent high’. So they cut 
the price. 

¢A calculated policy?—There is 
some question of whether companies 
have set out to operate on a loss leader 
basis, pricing cheap components at a 
loss to get customers into the house 
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Nowl.. 


SQUARE D PRECISION SVAPSWITCH 
AVAILABLE WITH 2 POLES! 


Same size and mounting 
as single-pole switch 


Here's a precision snap switch which combines 
2-pole versatility with high electrical ratings— 
and takes no more space than a single-pole 
switch! 

The new switch is available either single- 
throw (2 normally open or 2 normally closed) 
or double-throw, and like the single-pole switch, 
it features: double-break contacts—large screw- 
type terminals—strong melamine case—simpli- 
fied mounting...a design which assures reliabil- 
ity, precise repeat accuracy and long mechan- 
ical life. 


DIMENSION DRAWING—FULL SCALE 
tig 
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Writtle for details. Square D Company, Dept. SA 
4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY | 


wherever electricity is distributed and contro 
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GURLEY 
Photoelectric 
PULSE GENERATORS 
Add...Subtract...Count 


Gurley photoelectric pulse generators are shaft-driven, delivering electrical pulses 
at terminals. Pulse frequency is directly proportional to shaft speed; and pulse 
amplitude is independent of shaft speed. Used basically as rate generators or as 
angle-measuring devices. All models available with direction-sensing photo cells. 


ep 


Write for information on one or all. 


150 


ebbcecet@heeccecs ses 


Model 8601 


1.437” dia. 
1.875” 


Synchro Mount 


Up to 1024 apertures 
Inertia 
less than 0.1 in.-oz. 


Model 8602 


Housing Diameter 


Up to 1024 apertures 
Inertia 2.8 Gm-Cm? 


less than 0.1 in.-oz. 


Model 8603 


Synchro Mount 


Up to 5000 apertures 
Inertia 340 Gm-Cm? 
less than 0.1 in.-oz. 


Built-in amplifiers available. 


W. & L. E. GURLEY, TROY, N. Y. 


587 Fulton Street . 
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for more profitable lines. According 
to one Westinghouse Electric Co. 
spokesman, a 20-cent or even 12-cent 
diode does not necessarily mean a loss 
for the seller. “There is no real evi- 
dence of any loss leader type of opera 
tion. Costs are just plain coming 
down,” he said. 

But Stan Niciejewski, sales manager 
of Sarkes Tarzian, Inc., a small Bloom- 
ington, Ind., company asserts that 12- 
cent price tags on diodes and 18-cent 
tags on transistors are less than the 
price of materials alone. He says some 
companies have been forced to sell 
regular production items as rejects. 

Some of the big firms are redoubling 
their efforts to sell themselves as qual- 
ity producers. General Electric Co., 
for one, sent a letter to its customers 
over the signatures of H. B. Fancher, 
general manager of its Semiconductor 
Products Dept., and C. G. Lloyd, 
general manager of its Rectifier Com- 
ponents Dept., decrying surplus dump- 
ing and pointing out the hazards of 
quality lapses. The letter set forth 
GE’s program to cut costs and boost 
reliability. 

Moses Shapiro, president of General 
Instrument Corp., told his company’s 
stockholders at their annual meeting 
in June, “A proclamation that one will 
not be undersold by anyone is perhaps 
appropriate for across-the-street com- 
petitors in the department store field 
but is hardly appropriate in a business 
in which scientific research, customer 
engineering and servicing, strength as 
a mass source, and product reliability 
should play the crucial roles.” 

Clearly there’s tough going ahead. 
Some industry sources see the trouble 
being cleared up soon, with a few 
mergers and new devices coming out at 
sustainable high prices. But others see 
the problem going deeper: “This is not 
going to happen soon,” says Philco’s 
director of semiconductor marketing, 
Cyrus H. Warshaw, “it may take two 
or three years.” 


Westinghouse, Rem Rand 
Team for Process Control 


Another joint engineering-marketing 
venture for teaming computer and 
process knowhow has brought West- 
inghouse Electric Co. and Remington 
Rand Diy. of Sperry Rand strongly 
into the process control field. 

The two companies have already 
begun cooperative development of 
computer controlled process control 
loops.~-Westinghouse will manage the 
complete system. 
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When you need 
Thermocouples...\% 


You Need- 


Let us prove to you that 
Ceramo Thermocouples can give you... 


*K adaptability — Ceramo, Metal Sheathed, 
Ceramic Insulated Thermocouple Wire will 
bend to fit almost any configuration without 
shorting or breaking. Diameters from as small 
as 1/25” to 7/16” and immersion lengths from 
1/2” to 70 ft. will fit almost any installation. 


*K stability — Constantly accurate, sensitive 
response over the entire range — in any 
environment. 


*K stand-up-ability — Ceramo Thermo- 
couples can withstand pressures as high as 
50,000 psi. — contamination or corrosive 
atmospheres, mechanical strain and nuclear 
radiation. Selection of the proper sheath 
materials and elements will satisfy your 
needs exactly. 


*KRangeability —Ceramo Thermocouples 
are available in a wide variety of elements 
and sheath materials to measure tempera- 
tures from minus 450°F to over 4000°F. 


2K Reliability — Every Ceramo Thermocouple 
is quality built and tested to assure maximum 
efficiency and long life. 
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Find Out About “Ceramo-ability” Today! = Me 


WRITE FOR YOUR 48-PAGE THERMOCOUPLE CATALOG TC-11 


—information on all Thermo Electric Thermocouples and accessories. 


Thermo 
Si lec L, 7 IC In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 








20 YEARS * /Jemperature Measuring Systems and Components 
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THERMO ELECTRIC Co.,Inc., Saddle Brook, New Jersey | 


| WHAT'S NEW 


Schlumberger-Daystrom Tieup 
to Form Powerful Contro! Firm 


HOUSTON, TEX.— 

A new giant in control is being 
formed out of one of the biggest 
mergers in the history of the field. A 
preliminary agreement has been 
reached for Schlumberger Ltd. to ac- 
quire Daystrom, Inc. in a stock ex- 
change deal. Formal director and 
shareowner approval is still needed. 

While few details were available as 
CtE went to press, it is reported that 
the many divisioned Daystrom will be- 
come the Daystrom Div. of Schlum- 
berger. The surviving company will 
seek New York Stock Exchange listing. 
One share of Schlumberger is to be 
exchanged for each two of Daystrom. 

¢ Oil well profits—Schlumberger was 
formed in France to supply, and still 
deals mainly in, oilfield services, pri- 
marily electronic oil well instrumenta 
tion. The business has proved to be 
highly lucrative to the Houston firm. 
Sales in 1960 totaled $131 million on 
which profit after taxes was $17 mil- 
lion. These profits have put the firm 
in a strong cash position. 

Daystrom has realized only skimpy 
returns on its control efforts: it cleared 
just $600,000 on $92 million sales last 
vear. Heavy developmental costs have 
cut deeply into Daystrom’s cash re 
serves. The merger would thus pro- 
duce a firm with some strong and va 
ried control capabilities and with suff 
cient funds to back them up. 

The Schlumberger family owns 
about a half of the company’s stock, 
and it is expected that the present 
president, Pierre Schlumberger, will be 
president and chief executive officer of 
the merged company. Thomas Roy 
Jones, Daystrom chairman, will be 
vice-chairman, and Daystrom _presi- 
dent, John B. Montgomery, will head 
the Daystrom Div. 


Ford to Buy Philco 
in $100 Million Deal 


Ford Motor Co. has announced 
plans to acquire Philco Corp. in a 
mammoth stock exchange transaction. 
At current share values the price tag 
would be about $100 million. 

Philco holders must approve the 
move which would make Philco a 
Ford subsidiary. Ford already has a 
unit deep in missile, electronics, and 
control work, its Aeronutronic Div. 

Widespread changes are expected in 
the Philco organization with empha- 
sis on defense and electronics. 
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Contemporary education, like contemporary art, 


continues to find expression in new areas 


All qualified applicants will receive consideration for employment without 
regord to rece, creed, color, or national origin. U.S. citizenship required. 
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For employees at Los Alamos, a 


curriculum in Engineering Science of 


Materials has been added to these 


in-residence MS degree programs: 


Nuclear Engineering, Chemistry, 


Mathematics, Physics, Mechanical 


and Electrical Engineering. 


Qualified applicants are invited 
to send resumes to: 
Director of Personnel, Division 61-84 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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ON SERVO MOTORS 


Here’s information you can use to increase speed and accu- 
racy in high precision control and measuring equipment . . . 4 
fact-filled pages on Holtzer Cabot’s line of R-24 Servo Motors. 

Contains 3 sets of speed-torque, performance curves: (1) 
For four different stator stackings with 115V on both windings. 
(2) For four different stackings with 115V on fixed winding 
and 200V on control winding. (3) For 0.7” of stator stacking 
with 115V on fixed winding and 200V, 100, and 50 on control 
winding. Gives additional data such as starting voltage, stall 
torque, rotor inertia, acceleration at stall, etc. 


The R-24 Line has stator cores of 2.4” diam., available with 
stacking lengths of 0.5”, 0.7”, 1.0” and 1.4/’..Models with or 
without gear trains. Send for your free copy of Bulletin 
MO-3.7A. Write: Holtzer-Cabot Motor Division, 125 Amory 
Street, Boston 19, Massachusetts. 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
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| WHAT’‘’S NEW 


U.S. Overseas Investment Set 
to Drop 4 Percent in 1962 


U.S. firms are now making plans 
for overseas investment in the shakiest 
international atmosphere since the end 
of World War II. Troubled by doubts 
raised by the current crises in East 
West relations, the uncertainties fol- 
lowing Britain’s bid for Common Mar- 
ket membership, and fears over 
changes in U.S. taxes on overseas 
income, business leaders are slowing 
their pace of foreign spending. Accord- 
ing to a survey released in September 
by the Economics Dept. of McGraw- 
Hill Publishing Co., American indus- 
trial companies are setting their sights 
lower in 1962 after two years of rising 
spending for overseas plants, property, 
and equipment. 

¢ Total investment is set at $3.3 bil- 
lion, off 4 percent from this year. 

¢ Manufacturing companies plan 
smaller cuts, now expect to spend 
$1.65 billion in 1962, a l-percent drop 
from the estimated totals for this year. 

¢ Petroleum companies’ decreases 
account for most of the drop; they plan 
to spend $1.64 billion, down 7 per 
cent from this year. 

¢ Europe will get nearly one-half of 
all overseas investment by U.S. busi 
ness. Manufacturers will devote a third 
of their expenditures to Common Mar- 
ket countries. In fact, manufacturers 
will spend 14 times their 1960 total 
in the ECC—1962 spending there 
should be $539 million. 

¢ Modernization and replacement of 
old facilities will get well over half of 
manufacturing companies’ dollars; pe 
troleum firms hace devoted the major 
share to increasing capacity. 


U.S. Instruments to Enjoy 
Continued Boom in Japan 


A “distinctly favorable . . . outlook 
for continued profitable participation 
of U.S. instrument manufacturers in 
the Japanese market” is how the U.S. 
Dept. of Commerce puts the outlook 
for American-made instrumentation in 
the booming Far East nation. In an 
eight-page report issued late in the 
summer, the department’s Scientific, 
Motion Picture, and Photographic 
Products Div. of the Business and De- 
fense Services Administration tabulates 
Japanese production of electronic 
measuring instruments and consump- 
tion of all imported instruments and 
describes the outlook for these goods. 

Commerce sees a strong demand in 
Japan for special analytical instru- 
ments in the chemical field and for 
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Control and os soiiliie 


FLUID DENSITY 


automatically / directly / continuously 


THE HALLIBURTON DENSOMETER is a rugged, 
low-cost instrument designed to give direct, continuous 
physical measurement of fluid density, independent of 
any other fluid property. The Densometer, available in 
two models, detects any change in density of the fluid 
passing through it and transmits a pneumatic or elec- 
trical signal to key the indicating, recording, or con- 
trolling equipment used in conjunction with the device. 
The versatile Densometer is now in service handling 
such varied slurries as cement, copper ore, gypsum- 
water, milk of lime, paper coating, and many others. 


TECHNICAL SUMMARY OF OPERATION 


Fluid flows through a flexible hollow beam in the 
Densometer. Changes in weight (density) of the fluid 
are transmitted through a null-balance system, trigger- 
ing a pneumatic signal indicating the extent of the 
change. Response time of the unit is two seconds. These 
units may be used in fluid systems up to 200°F., 50 psi, 
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SPECIAL PRO 


MODEL 59 DENSOMETER incorporates a %” U-tube arrangement and is 
generally used for sampling operations or mobile installations. The stainless 
steel U-tube may be used in place of the standard glass tube if desired. A 
small pump provides a continuous fresh sample at a velocity sufficient to 
support suspended particles. 


MODEL 60 DENSOMETER is the larger unit, incorporating a straignt 2” 
tube, and is usually recommended for systems requiring either large samples 
or total flow measurement. The center-supported tube permits larger sus- 
pended solids to flow through the unit without excessive abrasion. Gravity 
flow is sufficient with this unit in most applications. Larger diameter 
models may be furnished to accommodate greater flow specifications, 


ranging from 1.0 to 2.0 Specific Gravity or from 6 to 21 
pounds per gallon of fluid. 

IF YOUR PRODUCT MIX CONTROL IS CRITI- 
CAL, investigate the Halliburton Densometer for 
accuracy within 1% in recording, indicating or con- 
trolling fluid densities. See your Halliburton man for 
all the facts, 


poeta DIVISION 


= 
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COMPANY .«. DUNCAN, OKLAHOMA 
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Which of these Barber-Colman | 


high-quality, low-cost motors 


are needed for your applications | 


. .. unidirectional, reversible, 


synchronous, or geared? 


Unidirectional 


LOW COST 

HIGH STARTING TORQUE 

QUIET OPERATION 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


Reversible 


Synchronous 





a-c small motors 


For longest life and finer service per 
dollar invested, put Barber-Colman 
motors into your products. High-quality 
construction throughout eliminates 


bothersome, costly maintenance... adds | 
to your reputation as a builder of quality | 


equipment. 
for use in appliances, vending machines, 
projection equipment, office machines, 
toys, servo-mechanisms, remote switch- 
ing and positioning, recording instru- 
ments, and similar applications. 
your cost for these precision-made 
motors is surprisingly low. 


Various types and models | 


And | 


WRITE FOR NEW QUICK REFERENCE FILE | 


on the complete line of Barber-Colman a-c small 
motors: Unidirectional, reversible, synchronous. 


Up to 1/20 hp. With or without reduction gearing | 
- open or enclosed types. Stator and rotor sets | 


also available. Free engineering service. 


BARBER-COLMAN COMPANY 
Dept. V, 1248 Rock Street, Rockford, Illinois 
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high temperature and pressure con- 
trols. The largest customers for instru- 
ments are the petroleum, oil refining, 
iron and steel, paper and pulp, and tex- 
tile machinery making industries. 

Copies of the booklet, “Instrumen- 
tation in Japan”, are available from 
the Department of Commerce (Wash- 
ington 25, D. C.) at $0.10. 


News of Companies 
in the Control Field 


General Dynamics Corp. has formed 
a new division—General Dynamics 
Telecommunications in Rochester. 
The unit makes telephone gear for in 
dependent companies. GD also has 
combined its GD/Electronics and 
GD/Pomona groups. 


Racine Hydraulics & Machinery, 
Inc. of Racine, Wis., has acquired one 
third of another Racine firm, Gettys 
Manufacturing Co. The two-year old 
company specializes in electronic and 
electromechanical systems. Gettys will 
join with Racine to develop complete 
electrohydraulic systems. 


Minneapolis-Honeywell Regulator 
Co, and British Aircraft Corp. have 
formed BAC-Honeywell Inertial Guid- 
ance-Europe to build guidance systems 
for aircraft and missiles in Europe. 
The organization will be based in Paris. 


Kollmorgen Corp. of Northampton, 
Mass. has made Instrument Develop- 
ment Laboratories, Inc. a wholly owned 
subsidiary following acquisition of the 
Attleboro, Mass., company. 


Ampex Corp. has sold its majority 
interest in Invar Electronics to Behl- 
man Engineering Co. of Burbank, 
Calif, Ampex acquired its holdings in 
Invar as part of its merger with Tele- 
meter Magnetics, Inc. 


Infonetics Corp. has been formed 
in Van Nuys, Calif., to build peri- 
pheral equipment for data processing. 
Tape perforators and digital readouts 
are the first products. 


Minnesota Mining & Manufactur- 
ing Co. has reached an agreement with 
Sumitomo Electric and Nippon Elec- 
tric of Japan to set up a joint venture 
firm to make magnetic and adhesive 
tapes. Although 3M is to own 50 per- 
cent of the company, the Japanese 
government is thought likely to ap- 
prove the arrangement since the gov- 
erment is easing its foreign invest- 
ment restrictions. 
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IMPORTANT MOVES 
BY KEY PEOPLE 


Dr. Langford to Head New 
Kearfott Research Unit 


Kearfott Div., 
General Preci- 
sion, Inc., has an- 
nounced that it 
will set up a Re- 
search Center in 
West Patterson, 
N. J., and that 
Dr. Robert C. 
Langford will 
head the new facility. Dr. Langford 
was formerly director of engineering 
for Daystrom, Inc. 

The new Kearfott center will oc- 
cupy the major part of a new addition 
to the company’s Systems Div. plant 
in W. Patterson. Work is to be car- 
ried on in present product lines and 
in fundamental studies in a variety of 
basic fields. 


Dr. Van Atta Rejoins Hughes 
as Lab Technical Head 


Dr. Lester C. 
Van Atta has 
been named tech- 
nical director of 
Hughes Aircraft 
Co.’s research 
laboratories in 


Malibu, Calif., 
% after a 


year’s 
leave of absence 
from the company. He was special 
assistant for arms control for the di- 
rector of research and engineering in 
the office of the Secretary of Defense 
during the past year. 


Chalmer Jones Joins 
Diebold & Associates 


Chalmer E. Jones, who resigned as 
a Daystrom, Inc. vice-president and 
general manager of pg ec Con- 
trol Systems Div. (C July 61, p. 
38), has become a vice- mc: Be and 
director of John Diebold & Associates, 
Inc., New York based management 
consulting organization specializing 
in control systems and data process- 
ing. Following his resignation, Jones 
had formed his own company, Chal- 
mer Jones Co.; Diebold also acquired 
the assets of this firm. 


Three Named in Automatic 
Electric Co. Moves 

Dr. John D. Beierle and John 
E. Fulenwider have taken new posts 
at Automatic Electric Laboratories, 
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Choose the exact motor you need 


from the Barber-Colman family 


of enclosed, permanent magnet, 


reversible types for industrial 


and airborne applications 


BARBER 
COLMAN 


TOTALLY CLOSED 
ALL-METAL HOUSING 

FOR EXTRA STRENGTH AND 
COMPACT, CLEAN DESIGN 


IMPROVED CONSTANT TENSION 
BRUSH RIGGINGS 


ALWICO VI RING MAGNETS 
CAST IN PLACE FOR MAXIMUM 
MAGNET AND PHYSICAL STRENGTH 


STRAIGHT-THROUGH SHAFTS 
MEET MILITARY SPECIFICATIONS 


YLM —1-1/4* dia 


CYLM —1-1/2" dia 


d-c small motors 


TYPE HYLM, top left, typical specifi- 
cations (27 V): Horsepower, intermit- 
tent duty —.017. Torque—1.0 oz-in. 
Speed — 17,000 rpm. Power input — 23 
watts, Length — 1.59”. Diameter —1.00”. 
TYPE FYLM, top right, typical specifi- 
cations: Horsepower, intermittent duty 
—up to .055. Speed — 5,000 to 20,000 
rpm. Power input—2 to 70 watts. 
Length — 1.77” to 2.40”. Diameter — 
1.25". 
TYPE CYLM, lower photo, typical spe- 
cifications: Horsepower, intermittent 
a to 0.1. Speed — 5,000 to 20,000 
ower input—7 to 155 watts. 
Length — 2.125” to 3.125”. Diameter — 
1.50”. 


Radio noise filters, gearheads, governors, 
blowers, other special features also avail- 
able on above motors. 


WRITE FOR LATEST QUICK REFERENCE FILE 
on the complete line of Barber-Colman d-c and a-c 
motors, tach generators, blowers, gearheads, ultra- 
sensitive relays. 


BARBER-COLMAN COMPANY 
Dept. V, 1848 Rock Street, Rockford, Illinois 
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NEW BLH-BUILT INSTRUMENTATION 
INSURES MORE ACCURATE, VERSATILE. 
STRAIN GAGE TRANSDUCER READOUT 








The complete line of mv/v instrumentation designed 
and built entirely by BLH now includes these 

new indicators for use with any strain gage 
transducer system. 


Type 60 Digital Indicator, shown at left above, 

is particularly suited to load, pressure and 
torque systems. It provides system accuracy to 
+0.25%——higher accuracies on special order. 
Designed for panel mounting or bench operation, 
it is available for fast delivery at a very 
reasonable cost. With the addition of this 
instrument, BLH now 
offers you a full 
choice of digital, 
disc or pointer 
indicators for 
industrial and 
laboratory 
applications. 


@ em 


Type 65. ‘Automatic Calibration Indicator, middle above, 
is among the most accurate of all BLH 


instruments. This portable unit automatically 
reads out in pounds-—is used to calibrate a 
variety of load measurement systems and features 
automatic null balance, digital readout, plus 

a built-in check calibrate circuit. Instrument 
accuracy +0.05% of interval is standard. 


Type 25 Universal Indicator can be used with any 
BLH load, pressure or torque transducer by 
simply setting a gage resistance and mv/v output 
dial on the front of the instrument. Manually 
null balanced—digital indication— — 
transistorized, lightweight and portable. 
Instrument accuracy is +0.1% of full scale. 
Durable Formica case. 


Write for data sheets or contact your nearest BLH 
sales engineering representative for information 
and a demonstration. 


BALDWIN « LIMA - HAMILTON 7, 
Electronics & Instrumentation Division 
Waltham 64, Mass. 


SR-4° Strain Gages + Transducers «Temperature es + Systems 
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| WHAT’S NEW 


Inc. involving work with electronic 
telephone exchanges. Dr. Beierle is 
supervisor of electronic switching sys- 
tems planning; Fulenwider is super 
visor of electronic switching tech- 
niques. 

Fulenwider replaces Joseph M. 
Bernstein at the Northlake, IIl., sub 
sidiary of General Telephone & Elec- 
tronics Corp. Bernstein is now a staff 
engineer for systems with the com- 
pany’s sales corporation. 


Other Important Moves 


John J. Connolly has been named 
a vice-president of Litton Systems, 
Inc. and general manager of the Data 
Systems Div. Connolly has been with 
the Beverly Hills, Calif., company 
since 1955 and has worked on the 
company’s data systems activities since 
their start. 


Dr. Lindon E. Saline will head the 
newly established Specialty Devices 
Operation (CtE, Sept. ’61, p. 230) 
of General Electric Co.’s Defense Sys- 
tems Dept. in Syracuse, N. Y. Dr. 
Saline was manager of DSD’s Infor 
mation Systems Section. 


Elmer W. Torok has joined Inte 
national Rectifier Corp., El Segundo, 
Calif., as development manager for 
microcircuitry. ‘Torok is a metallu 
gist and specialist in molecular engi 
neering. While with Westinghousc 
Electric Corp. he directed the estab 
lishment of a pilot line for production 
of molecular electronic devices. 


Dr. William F. Ballhaus has been 
appointed executive vice-president of 
Northrop Corp., and Frederick Ste- 
vens has become a corporate vice 
president and has replaced Dr. Ball 
haus as general manager of the 
Beverly Hills, Calif., company’s Nor- 
tronics Div. 


Robert W. Bowman has become 
director of product planning for Wal- 
ter Kidde & Co., Inc. His new post 
will involve responsibility for new 
product evaluation and investigation 
of the future of existing products for 
the Belleville, N. J., company. 


Roy A. Olerud and William B. 
Croxville have been named general 
managers of the Industrial Electron- 
ics and Electronic Tube Divs., re- 
spectively, of Allen B. Du Mont Lab- 
oratories, Divs. of Fairchild Camera 
and Instrument Corp. in Clifton, N. J. 
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PAGE WIDTH FIBER OPTICS CRT DEMONSTRATES 
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You are looking at the first page-width fiber optics cathode ray tube. The unretouched photo- 
graph shows the extraordinary brightness and resolution of this General Dynamics/Electronics 
development which results from combining an 8% x '% inch fiber optics bundle with the 
CHARACTRON® Shaped-Beam Tube. Halation, light scatter, diffusion and complicated 
optical systems are eliminated. Applications of the tube include high-speed line-at-a-time 
printing and recording of computer data. For further information about fiber optics 
or other advanced data processing devices, write General Dynamics/Electronics, Informa- 


tion Technology Division, Department B-65, Post Office Box 2449, San Diego 12, California. 
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316 Hand-Soldered Joints. 


Dip-soldering techniques just aren’t good enough. Navecor tran- 
sistorized digital systems modules (an elegantly conceived,com- 
patible series of plug-in cards) are as near to perfection as the 
present state of the art can get. And their production meas- 
ures up to their design. 


Result (from a paper read at the 1960 National Electronics 
Conference, Chicago): “The motion comparison logic, revers- 
ible counter and the digital-to-analog converter are composed 
of Navcor 300 Series Modules. Over an operating period of 
eight months, there was only one component failure.” 


Which is why, in Government and industrial specifications, 
you so often see the phrase “Navcor, or equal.” 


Data on modules or consultation.on complete special-purpose 
digital systems on request. Navcor, Valley Forge 5 bo™ 
Industrial Park, Norristown, Pa. GLendale 2-6534. C WawedR >) 


NAUVCOR 


Transistorized Digital Systems Modules 
and Special-Purpose Digital Systems 
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and up to 


50°. SAVINGS IN COST! 


A RELIABLE AND ECONOMICAL WAY TO RECORD 


¢ CONNECT YOUR TRANSDUCERS DIRECTLY to MOBIDAC. No 
external d-c channel amplifiers required 
¢ GUARANTEED DIRECT COMPATIBILITY with all major com- 
puters. No tape translation required. 
OPTIONS: Increased channel capacity . . . 100 or more, Higher 
Sampling Speeds, Quick-Look Display, Punched Tape and 
Card Outputs. 


90 DAY DELIVERY For Detailed Specifications and Prices, write Dept. CE 


MOBIDAC | 


MOBILE DATA ACQUISITION SYSTEM 


SYSTEMS ENGINEERING LABORATORIES INCORPORATED 


BOX 9148 « 4066 NORTHEAST FIFTH AVENUE « FORT LAUDERDALE, FLORIDA 
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CATALOGS AND 
BULLETINS 


The first two items are examples of 
especially useful applications literature. 
Both are available by circling the indi- 
cated number on the reader service card, 
as are the other new literature items. 


Strain recording 


Detailed information is given in this well 
illustrated 20-page booklet on the record 
ing of strain gage measurements with the 
manufacturer's universal strain amplifiers 
and direct writing oscillographs. ‘l'ypical 
strain gage configurations and their appli 
cations are detailed and illustrated, and 
full information is given on temperature 
compensation and lateral deformation ef- 
fects. Strain recording circuits for one, 
two, or four active gages are described. 
The booklet (numbered Form SR) also 
tells how to eliminate errors in Wheatstone 
bridge circuits.—Brush Instruments, Div. 
of Clevite Corp. Circle No. 400. 


Silicone rubber 


Complete information is given on the 
properties and uses of silicone rubber in 
this 56-page illustrated publication. A 
host of photographs and many clear charts 
and graphs detail price comparisons, tem 
perature performance, chemical resistance, 
etc. of this versatile material. Testing 
procedures and listings of specifications 
and standards are also given.—Mechanical 
Rubber Products Co. Circle No. 401. 


SOLENOID VALVES. Automatic Switch 
Co. Condensed valve supplement, 16 pp. 
Contains catalog sheets describing a num- 
ber of two, three, and four-way solenoid 
valves developed since the publication of 
the manufacturer's latest catalog. Photo- 
graphs, dimension drawings, and two-color 
flow diagrams complement text that de- 
scribes valve operation and gives applica- 
tion information. Tables of specifications, 
dimensions, and prices are included. Cir- 
cle No. 402. 

SYNCHRONOUS MOTORS. _ Bodine 
Electric Co. Bulletin 1026, 20 pp. Out- 
lines construction and operation of 385 
types and models of synchronous motors 
ranging in size from 1/2,000 to 1/6 hp. In 
addition to complete text description, list 
ings of available models, speed-torque 
curves, dimensional drawings, photographs, 
and wiring diagrams are used to adequately 
describe the motor line. %Circle No. 403. 


METAL REPLACER. Cadillac Plastic & 
Chemical Co. Booklet, 24 pp. This pub- 
lication, prepared by Du Pont, describes 
the metal-like properties of Delrin acetal 
resin, a new thermoplastic material that 
bridges applications of metals and plastics. 
Curves and tables give strength, dimen- 
sional stability, and solvent resistance, 
among other properties. Photographs and 
drawing are included of some typical appli 
cations, and sections are devoted to the 
use of Delrin in gears, bearings, and elec- 
trical applications. Circle No. 404. 

CHEMICAL PROCESS SYSTEMS. 
Fisher & Porter Co. Catalog 310, 8 pp. 
Describes company’s products designed 
for instrumentation in the chemical proc- 
ess industries and some services such as 
panel design and user education. Standard 
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The rating of the AC generator for 
this Kearfott system is 40 KW, 3 
phase, 60 cycle, 460 volts. 


CONTINUOUS 
UNVARYING POWER 
FOR VITAL INSTRUMENTATION 


~ IN CHEMICAL PROCESSING 


A TYPICAL APPLICATION OF KEARFOTT 
UNINTERRUPTED POWER SYSTEMS 


In chemical processes where even a split-second interruption of 
computers and related instruments can cause heavy losses, pro- 
tection against power failure pays high dividends on a relatively 
modest investment. Take, for example, the Kearfott system pic- 
tured here, which assures surge-free entrance of emergency power 
in zero time in case the normal input varies or fails. 


In normal operation, the DC motor runs continuously on power 
from the static supply, which also keeps the batteries fully 
charged at all times. The AC generator operates in parallel with 
the main power and furnishes about 90% of the vital load 


requirement. 


If the main power fails, the DC motor continues to run, drawing 
its current from the batteries. Simultaneously, the AC generator 


Kearfott systems are available with generator ratings to 150 KVA 


assumes 100% of the vital load. When main power is restored, 
the system automatically reverts to normal operation. . 


60 an¢ 400 cycles, single and polyphase, and provide frequency, 


a veeele brn Reoytt ae « eye ea lipaals . 


Write for complete data 


KEARFOTT DIVISION 


» GENERAL PRECISION. INC. 





Little Falls, New Jersey 
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miaeaihe law i) TELEFLIGHT PRESSURE SYSTEMS 
=. re 


Taber Transducer keeps close tab on 
autoclave air pressures at Twin Coach 


The dependability and accuracy of Taber Bonded Strain Gage Pressure Trans- 
ducers are pointed up in the manufacture of bonded aircraft assemblies at 
Twin Coach Co., Buffalo, N. Y. 

Assemblies are bonded at temperatures up to 500° F inside a 12’ x 37’ auto- 
clave where atmospheric conditions must be precisely controlled. Mounted 
externally. to permit this high temperature application, a Taber Model 217 
Teledyne Pressure Transducer senses autoclave air pressures from 0 to 200 psi, 
accurately and continuously. Quality of manufacture is thus insured! 


Among the many performance pluses of Taber Transducers are high frequency 
response, minimum hysteresis, infinite resolution and low sensitivity to tempera- 
ture effects, vibration and shock. Models are produced for a wide variety of 
test, ground support, or airborne applications, with pressure ranges from 0-50 
to 0-10,000 psi. 

For detailed information on Taber Transducers, mail this coupon attached 
to your letterhead. 


[P fam Sem ee 
= TO: TABER INSTRUMENT CORPORATION 

f AEROSPACE ELECTRONICS DIVISION SECTION 77 
{ 

lL 


a A es Se Se ee Eee 


107 Goundry Street, North Tonawanda, N. Y. 


Send detailed information on Taber Teledyne and Teleflight bonded 
! strain gage pressure transducers. 
U 


name title 





Compeny _ dept. 





a) address 
i city zone state 
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SERVOMEX 
New 
Field Plotter 
FP92 


“oS@1 | WIAWT 
‘®t t W3AVI 
“ES € WIAVT 
“ob » WZAWT be 
“0001 § WBAWT 

000! G13IHS 


Simplified representation of 
layer type transformer winding and its 
resulting field distribution clamps 
(shown above is a specimen of work done on 
this machine) 

This novel device can be applied to field 
problems in many branches of science and 
engineering; in fact wherever the inverse 
square law applies. The interesting example 
above shows lines of electric equipotential in 
the insulation of a transformer. Observe that 
the electric stress has been magnified near 
the windings, because the equipotentials at 
these points have been plotted every 5% 
instead of 10% as in most of the field. 
for data sheet. 


Write 


The Field Plot shown above wos 
supplied by the courtesy of the Transformer 
Development Department of 
Ferramti Limited, Hollimwood, England 


Send for data sheets. 
iq, Servomex Controls Limited 
CROWBOROUGH SUSSEX ENGLAND 
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Catalogs & Bulletins 


size and miniature indicators, transmitters, 
recorders, and controllers and several sens 
ing elements are illustrated and briefly de- 
scribed. Circle No. 405. 

HEATING CONTROLS. General Con- 
trols Co. 1961 condensed catalog, 96 pp. 
Covers an entire line of heating controls 
from thermostats through pressure and 
temperature controls to valves, actuators, 
and relays. Units are illustrated and com- 
plete specifications in convenient tabular 
form and application information are given. 
Circle No. 406. 

DIRECTIONAL CONTROL VALVES. 
The Oilgear Co. Bulletins 80200-A, 


80300-A. First bulletin covers directional 

control valves with two-way plungers and MINIATURE 
second, with three and four-way plungers. 5 
Valve sizes from 4 to 3 in. and designed 


for pressures up to 3,000 psi are included. 
Units are illustrated and cutaway drawings 
are 


used to show construction features. 


Dimension data, capacities, and specifica 
tions are included, as are flow diagrams 
and ASA symbols and type designations. 


Circle No. 407 


MULTICHANNEL DISPLAY. Philbrick AND CLUTCHES 
Researches, Inc. Booklet, ‘12 pp. Opera- 

tion and applications of a calibrated dis- 
play system are described in this illustrated 
publication. A number of reproductions Typical applications involving these Size 11 magnetic 
of original traces demonstrate the display | clutches, brake clutches, and brakes include service as 
system’s features and capabilities for an- ’ é : 2 : 

alog computing and control system prob- output controls in mechanical differential computers, as 


lems. A set of technical data and speci- motor brakes, and as speed changers and uncouplers. 
fications for a typical installation are 


included. Circle No. 408. Kearfott can also provide magnetic clutches, brake 
VARIABLE INDUCTORS. Vari-L Co., clutches and brakes in various other sizes to suit desired 
Inc. Catalog 61, 16 pp. Condenses avail- applications. Components also available in sizes 8 and 6 
able information on electrically variable diameters ; 

inductors. Describes typical applications ’ 

of the frequency controlling devices with 

block and schematic diagrams. Electrical 

and physical characteristics of the manu 

facturer’s stock units are given in a com 

plete table. Characteristic curves and di 

mension drawings for the devices are also CHARACTERISTICS 

included. Circle No. 409. Magnetic . 
COOLING EQUIPMENT. McLean En- Magnetic Clutches Brake Clutch Magnetic Brake 
gineering Laboratories. Catalog, 40 pp. Unit No. R5750-001 R5750-002 R5760-001 R5770-001 
Describes a complete line of packaged Size ll 11 11 ll 

blowers, propeller fans, centrifugal blow- Power input 

ers, ring fans, and accessories. In addition (Watts) 3 3 3 3 

to photographs of each of the units, com- Clutch Torque 
plete mechanical and electrical character- (In. Oz.) 
istics are given along with performance Brake Torque 

curves and dimension drawings. A section (In. Oz.) » ~ 6 (de-energized) 16 (energized) 
on basic design information for cooling ‘ P 

electronic equipment includes formulas seat 3x tage = po ene = So stonined) 34 





6 (energized) 4 (energized) 


and graphs used in selecting blowers or Engaging 

fans. Circle No. 410. Surfaces Steel Brake Steeland _ Steel 
THERMOCOUPLE ASSEMBLIES, | . Material Brake Material 
Minneapolis-Honeywell Regulator Co., nvironmental 

Industrial Div. Catalog G100-1, 40 pp. Performance Per MIL-E-5272A 

Complete specifications and updated price Life (Cycles)* 3,000,000 
schedule are given for a full line of gen- *1 Cycle=1 revolution of shaft engaged and 1 revolution of 
eral purpose and special thermocouple shaft disengaged, at 500 RPM. 

assemblies and components. Units are pic- 

tured, and available lengths, materials, and Write for complete data 

connections are listed. A section of selec- 


onnections are listed. A section of selec- | | KEARFOTT DIVISION 

tion information gives detailed application 

guides. Accuracy data and ordering in- GENERAL PRECISION, INC. 

structions are included. Circle No. 411. 

MILITARY TRANSFORMERS. Gen- ; 

eral Electric Co. Bulletin GEA-7121, 28 a aw a 
(Continued on page 173) 
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Y THIS 
IS WHERE 
IT COUNTS 


NEW ERIE SOLID STATE 500T BI-DIRECTIONAL CONTROL COUNTER 


This is a rugged high-speed control counter with bi-directional capabilities for 
digital closed loop control. It offers for the first time anti-coincidence circuits for 
random add/subtract inputs, a digital-to-analog converter and an excess error 
alarm. The instrument has true modular construction in which individual circuit 
‘boards are readily inserted from the front for functional versatility and ease of 
maintenance. In-line NIXIE readout can be supplied when required. 

The unique anti-coincidence circuit used prevents interference between add and 
subtract pulses arriving simultaneously. This provides absolute accuracy as 
opposed to conventional anti-coincidence circuits. The analog output is propor- 
tional in both magnitude and polarity to the algebraic sum of the add and 
subtract inputs. The readout indicates the instantaneous algebraic sum. 

For example, where the 500T is used for control of motor speeds, the pulses 
arrive at both the add and subtract inputs at exactly the same rate when the 
controlled motor is running at the desired speed. Any speed change develops 
an analog output to a servo system which returns the motor to the proper speed. 
The same basic process would apply to the mixing of liquids or chemicals. 
Applications for the 500T are virtually unlimited since it provides digital control 
of such parameters as flow, speed, position, and many others. An industrial case 
is available for applications in rugged environments. 


Rack Mounting Model Industrial Model 


Complete technical information available on request. 


Quality Where It Counts 
ERIE PACIFIC, DIVISION OF 


ERIE RESISTOR CORPORATION 
12932 S. Weber Way, Hawthorne, California 


(adleufwnalon, 


164 CIRCLE 164 ON READER SERVICE CARD 








TAURUS 


PUNCHED 
CARD 
SOR 


‘Reads Entire 
Punched Card 
Statically 


FOR 


Simple Switching Using 
Standard Punched Cards 


This Taurus Punched Card Sensor, with 
1000 switches, is programmed by a spe- 
cial Taurus card made of mylar.* 

Each hole position has a corresponding 
closed switch, and each unpunched hole 
position has a corresponding open switch 
when the Sensor is actuated. Used for 
Automatic Test Equipment and other 
automation devices. 

Taurus also produces a complete line of 
Standoff and Feedthru Terminals insu- 
lated with Teflon*. 


WRITE FOR FREE DESCRIPTIVE LITERATURE 


TAURUS 


CORPORATION 











Academy Hill, Lambertville, N. J. 
EXport 7-2390 — TWX LVL 8526U 


*REG. T.M. OF E.1. DUPONT 
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COMING 
NEXT MONTH 


Steadying a 

Stabilized Platform 

Small accelerometers on sta- 
ble platform measure and 
minimize mount unsteadiness 
with respect to inertial space. 


Reducing Interference BUSINESS REPLY MAIL 
in Process Controllers First Class Permit No. 43, (Ser. P. L. & R.) Ridgefield, Conn. 
Considers sources of electri- : 

cal noise from transmitters to 

instruments, and details ways 

to bring noise down to a Reader Service Department 2 (10/61) 


minimum level. CONTROL ENGINEERING 
Stepper Motor 


Transfer Function P. O. Box 623 
Data File develops stepper 


motor dynamics to permit Ridgefield Conn 
this discontinuous actuator to F ; 
be considered as part of a 

continuous control loop. 














Single Sheet 
Classifier 


System detects pinholes and 
other imperfections in sheet 


stock. 


Mechanical 
pa soll to Get More 
Describes spiral contour cam 


with oscillating follower for : gy fo rrr et r) © al A bo ut 


measurement, control, and 
computation. 


Cini Minami Advertised products 


Comparison Series—No. 2 


Surveys and lists punched New pr od uct | tems 


card equipment for inter- 
mediate and large size com- 


me Catalogs and Bulletins 
Multiple Stream : s 
dumpling Systems Article reprints 


Points up important design 
factors from stream sampli 
a “ sample aie All advertisements, new products, and literature items are numbered for your convenience. 


identification. 


‘NEW SUBSCRIPTION APPLICATION CARD 


ne oe (Subscriptions solicited only from engineers and technical management men) 


, Yes! | want my own personal copy of CONTROL ENGINEERING every 
Get YOUR own ; month. Enter my subscription at once for 1 year at $3") New [] Renewal 
Check here [1] for 3 years at $5* 
personal copy each month. ("United States and Canada only Overseas rates on request.) 
CD Payment enclosed C) Bill me C Bill company 
Complete and mail Name Pesttien 


this card TODAY! Home Address 


City 

















; ©€ pany Name. 


Product Manufactured or 
Service Performed by Comp 











BUSINESS ADDRESS 


Street City. State. Zone___. 
C) Check here if you wont publicetion sent to business oddress 


Please print — and fill out completely for best service ON-RS-10/16 
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Index of advertised equipment, new products, and 


bulletins. For additional information circle number 


on card corresponding to number to left of item. 


1. SYSTEMS 


Advertisements 
2—Data acquisition, processing systems, p. 2 
39—Complete instrumentation system, p. 38 
52—Inertial guidance packages, p. 52 
60—Versatile analog computer, p. 60 
81—Computer for NC tapes, p. 80 
172—Low priced control computer, p. 172 
177—pH control systems, p. 179 
192—Space probe computer, 2nd cover 


New Products 

311—Iterative analog computer, p. 126 
312—Pneumatic analog computer, p. 126 
313—Gas engine control system, p. 126 


Catalogs and Bulletins 


405—Chemical process instrumentation, p. 161 
406—Heating control units, p. 163 
417—Transistorized telemetry system, p. 173 


2. DATA HANDLING AND 
DISPLAY EQUIPMENT 


Advertisements 


15—Miniature inkless recorder, p. 15 
41—High definition recorder, p. 41 
49—16-channel direct writing system, p. 49 
50—Complete line of printers, p. 50 
116—Remote monitoring annunciators, p. 116 
120—-Alphanumeric data printers, p. 120 
122—Reliable paper tape punch, p. 122 
127—Versatile message printers, p. 127 
131—Sharp-tracing recorder, p. 131 
133—High speed printers, p. 133 
158—Strain gage indicator line, p. 158 
159—Fiber optic shaped beam tube, 159 
160—Mobile data acquisition set, p. 160 
169—Lightweight X-Y recorder, p. 169 
173—Manufacturing data collector, p. 173 
175—Small but readable gages, p. 175 
177—Stabilized indicator, p. 177 





FIRST CLASS 
PERMIT No. 64 
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BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed In The United States 





POSTAGE WILL BE PAID BY 


McGRAW-HILL PUBLISHING CO., Inc. 
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330 WEST 42nd STREET 


NEW YORK 36, N. Y. 








182—Low cost precision tape recorder, p. 182 
188—Bidirectional counter, p. 188 
194—Digital tape handler, p. 194 

1°8—Data acquisition system, p. 176 
203—Simple readout technique, p. 183 
210—Potentiometric strip recorder, p. 189 
211—Versatile readouts, p. 189 


New Products 


314—High speed data transmission set, p. 126 
315—Laboratory tape handler, p. 128 
316—Electrostatic paper tape recorder, p. 128 
317—Random access disc store, p. 130 
318—Information conversion unit, p. 130 


Catalogs and Bulletins 


400—Strain recorders, amplifiers, p. 161 
408—Multichannel display unit, p. 163 


3. RESEARCH, TEST, AND 
DEVELOPMENT EQUIPMENT 


Advertisements 


5—100-Meps counter-timer, p. 5 
44—Dual beam oscilloscope, p. 44 
51—Digital delay generator, p. 51 

129—Reed relay DVM’s, p. 129 
171—Process stream analyzers, p. 170 
196—Field plotter, p. 162 
202—Automatic spectrum analyzer, p. 183 


New Products 


309—System response analyzer, p. 125 
319—Automatic transistor tester, p. 130 
320—Digital relay timer, p. 130 
321—Any waveform generator, p. 133 


4. PRIMARY ELEMENTS 
AND TRANSDUCERS 


Advertisements 
7—High speed magnetic counters, p. 7 
14—Rugged vacuum gages, p. 14 
17—Special purpose timers, p. 17 
28—Jet engine vibration sensor, p. 28 
29—Strain gage accelerometer, p. 29 
31—Low temperature measuring units, p. 31 
35—Low cost transducer line, p. 35 
37—Commercial bed shaft encoders, p. 37 
43—Space-saving flow transmiiter, p. 42 
124—Si strain gage pressure sensors, p. 124 
128—Vibrating-capacitance modulator, p. 128 
140—Fast resistance temperature probe, p. 140 
143—Electronic dp transmitter, p. 143 
148—12-bit pancake encoder, p. 148 
150—Shaft-driven pulse generators, p. 150 
151—Versatile gyros and synchros, p. 151 
152—Broad line of thermocouples, p. 152 
155—Fluid density meter, p. 155 
162—Strain gage pressure pickups, p. 162 
174—Reliable, high performance pot, p. 174 
177—Soiution conductivity monitor, p. 181 
183—Pressure gage catalog, p. 183 
185—Low noise Hall effect devices, p. 185 
187—Pneumatic temp. transmitter, p. 186 
189—Versatile basic A/D transducer, p. 189 
299—Photoelectric incremental position trans- 
ducer, p. 176 
200—Shaft position encoders, p. 178 
209—Triple bridge unit, p. 188 
214—Off-the-shelf synchros, p. 191 


New Products 


310—High output transducer, p. 125 
322—Spring suspension accelerometer, p. 133 
323—Plastic pot line, p. 134 

324—Screw-in temperature sensors, p. 134 


Catalogs and Bulletins 


411—T'cple assembly catalog, p. 163 
414—Optical shaft angle encoders, p. 173 





ADVERTISEMENTS Mail Before Janvary 1, 1962 


16 29 43 57 71 85 99 113 225 239 253 267 281 
16 30 44 58 72 86 100 114 226 240 254 268 282 
17 31 45 S59 73 87 101 115 227 241 255 269 283 
18 32 46 60 74 88 102 116 228 242 256 270 284 
19 33 47 61 75 89 103 117 229 243 257 271 285 
20 34 48 62 76 90 194 118 230 244 258 272 286 
21 35 49 63 77 91 105 119 231 245 259 273 287 
22 36 SO 64 78 92 106 120 232 246 260 274 288 
23 37 51 65 79 93 107 121 233 247 261 275 289 
10 24 38 52 66 80 94 108 122 234 248 262 276 

11 25 39 53 67 81 95 109 123 235 249 263 277 291 
12 26 40 54 68 82 96 110 124 236 250 264 268 

13 27 41 55 69 83 97 111 125 237 251 265 269 

14 28 42 56 70 84 98 112 126 238 252 266 280 


NEW PRODUCTS & BULLETINS REPRINTS 


309 320 331 342 353 364 375 463 474 485 496 
310 321 332 343 354 365 376 464 475 486 497 
31) 322 333 344 355 366 377 465 476 487 498 
312 323 334 345 356 367 378 466 477 488 499 
313 324 335 346 357 368 379 467 478 489 500 
314 325 336 347 358 369 380 468 479 490 50! 
315 326 337 348 359 370 38) 469 480 491 502 
316 327 338 349 360 371 382 470 481 492 503 
317 328 339 350 361 372 383 47) 482 493 504 
318 329 340 351 362 373 384 472 483 494 505 
319 330 341 352 363 374 385 473 484 495 506 


5. RELAYS, SWITCHES, 
AND CONTROLLERS 


Advertisements 


11—Electronic reversing counters, p. 11 
13—Mercury wetted contact relays, p. 12 
16—Hermetically sealed de relays, p. 16 
18—Card reading switch, p. 18 
24—Compact, plug-in 25-amp relay, p. 24 
30—Rotary power switches, p. 30 
32—Flexible time control, p. 32 
51—Frictionless level controller, p. 51 
57—Automatic pneumatic units, p. 56 
100—Sensitive indicating controller, p. 100 
130—Versatile automatic reset timer, p. 130 
132—Compact polar relay, p. !32 
134—Solid state time delay relays, p. 134 
146—Subminiature latching relay, p. 146 
149—Compact two-pole snap switch, p. 149 
164—Solid state bidirectional counter, p. 164 
197—Card programmed switch, p. 164 
198—Reliable relay line, p. 174 
201—Fast power modulator, p. 182 
204—Telephone-type re‘ays, p. 184 
212—Bin level indicators, p. 190 


ce@enocuwaA WN & 


Nome 





Company 





New Products 


325—One-knob sequence selector, p. 136 
326—Static motor starter, p. 136 
327—Industrial time delay relays, p. 138 
328—Adjustable flow alarm, p. 138 


Catalogs and Bulletins 64—Si transistor choppers, p. 64 9. ACCESSORIES 


66—Amplifiers for high temperatures, 66 
413—Micro-adjustable timers, p. 173 136—Passive squaring enak. > 136 4 AND MATERIALS 

144—Miniature clutches, brakes, p. 144 
6. POWER SUPPLIES 147—Reliable solderless contacts, p. 147 Advertisements 

163—Magnetic brakes, clutches, p. 163 10—Industrial modular periscopes, p. 10 
Advertisements 191—Solid state operational amp, p. 191 47—Small diameter instrument tubing, p. 46 

193—Low cost Si transistor, 3rd cover 
195—Reliable digital modules, p. 160 
205—Special optical products, p. 185 
206—10-stage magnetic register, p. 185 
213—Digital card assemblies, p. 190 


Address 





55—Money-saving die‘ectrics, p. 55 
87—Electronic cooling fluids, p. 86 
92—Error-free magnetic tape, p. 92 
118—Recorder capabilities extender, p. 118 
135—Space-saving insulation, p. 135 

New Products ey ee 145—Copper capillary, restrictor tubing, p. 145 
329—Compact solid state unit, p. 138 
330—Load regulated source, p. 140 


25—Portable, current limiting unit, p. 25 
40—Five-year guaranteed supplies, p. 40 
138—Computer supply module, p. 138 
161—Uninterrupted power systems, p. 161 


334—-Universal Si transistor, p. 144 New Products 
335—Cold cathode trigger tube, p. 144 336—Thermoelectric coding units, p. 146 


7. ACTUATORS AND FINAL Catalogs and Bulletins ee 
CONTROL ELEMENTS 409—-Elecirically variable inductors, p. 163 Catalogs and Bulletins 


412—RMilitary electronic transformers, p. 163 401—Silicon rubber guide, p. 161 

Advertisements . 415—Air operators for valves, p. 173 404—Metal-like thermoplastic, p. 161 
34—Two-way solenoid valves, p. 35 416—Air hydraulic power cylinders, p. 173 410—Cooling fans, blowers, p. 163 
36—Eddy current coupling drives, p. 36 
139—Low flow control valves, p. 139 
142—Electrohydraulic servovalves, p. 142 
154—Servomotor data book, p. 154 
156—Low cost ac motors, p. 156 
157—Reversible dc motors, p. 157 
207—Pneumatic equipment bulletins, p. 186 


New Products 
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15 29 43 57 225 239 253 267 281 295 
16 30 44 58 72 86 100 114 128 142 156 170 226 240 254 282 296 
17 31 45 59 73 87 101 115 129 143 157 171 227 241 255 283 297 
18 32 46 60 74 88 102 116 130 144 158 172 228 242 256 284 298 
19 33 47 61 75 89 103 117 131 145 159 173 229 243 257 285 299 
20 34 48 62 76 90 104 118 132 146 160 174 230 244 258 286 300 
21 35 49 63 77 91 105 119 133 147 161 175 231 245 259 287 30) 
22 36 50 64 78 92 106 120 134 148 162 176 232 246 260 288 302 
23 37 51 65 79 93 107 121 135 149 163 177 233 247 261 289 303 
10 24 38 52 66 80 94 108 122 136 150 164 178 234 248 262 304 
11 25 39 53 67 81 95 109 123 137 151 165 179 235 249 263 305 
12 26 40 54 68 82 96 110 124 138 152 166 180 236 250 264 306 
13 27 41 5S 69 83 97 111 125 139 153 167 18) 237 251 265 307 
14 28 42 56 70 84 98 112 126 140 154 168 182 238 252 266 280 308 


NEW PRODUCTS & BULLETINS REPRINTS 


309 320 331 342 353 364 375 386 397 408 419 463 474 485 496 
310 321 332 343 354 365 376 387 398 409 420 464 475 486 497 
311 322 333 344 355 366 377 388 399 410 42) 465 476 487 498 
312 323 334 345 356 367 378 389 400 411 422 466 477 488 499 
313 324 335 346 357 368 379 390 401 412 423 467 478 489 500 
314 325 336 347 358 369 380 391 402 413 424 468 479 490 501 
315 326 337 348 359 370 381 392 403 414 425 469 480 491 502 
316 327 338 349 360 371 382 393 404 415 426 470 481 492 503 
317 328 339 350 361 372 383 394 405 416 427 471 482 493 504 
318 329 340 351 362 373 384 395 406 417 428 472 483 494 505 
319 330 341 352 363 374 385 396 407 418 429 473 484 495 506 


331—Variable displacement pump, p. 140 
332—Precise pneumatic actuators, p. 14 
333—-Miniature solenoid valve, p. 142 


scenouwaewn — 


Catalogs and Bulletins 
402—Solenoid valve models, p. 161 
403—Synchronous motor line, p. 161 
407—Directional control valves, p. 163 
418—Controlled speed drives, p. 173 


8. COMPONENT PARTS 


Advertisements 


1—Differential de amplifier, p. 1 
9—Conveyor system components, p. 8 
27—AIndustrial electrohydraulic units, p. 27 
45—Low cost flying heads for drums, p. 45 
59—16-amp silicon controlled rectifier, p. 58 
62—Tiny full performance trimmer pot, p. 62 
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CONTROL ENGINEERING 


P. O. Box 623 
Ridgefield, Conn. 


ORDER 
ARTICLE REPRINTS 
FROM THIS LIST 


Circle reprint numbers on 
card for single copies. Write 
Reprint Dept. for multiple 
copies. 


See page 186 for descrip- 
tions of reprints. 


Don’t send cash, we will bill 
you later. 


513—Measuring With Solid State 
Transducers, 50 cents 


512—Ready Reference Data Files—IV, 
50 cents (see also 500, below) 


511—Industrial Process Chromato- 
graphs, 50 cents 

510—The Use of Digital Computers (an 
old reprint with valuable con- 
tent), $3.00 

509—Applying Incremental Servos for 
Control, 65 cents 

508—Transistor Switches for Industrial 
Service, 65 cents 

507—Tips on the Use of Electromechan- 
ical Relays, 65 cents 

506—Adaptive Control Systems, 50 
cents 

505—Optimizing Relay Servos, 50 cents 

504—System Characteristics of Guid- 

ance Techniques, 65 cents 

503—Stream Analyzer Dynamics, 40 
cents 

502—Survey of Dynamic Display Tech- 
niques, 50 cents 

501—Six Transducers for Precision 
Position Measurement, 30 cents 

500—Ready Reference Data Files—t, 
i, Wl, $1.35 

499-—Ready Reference Data Files— 
itl, 60 cents 

498—Ready Reference Data Files—ti, 
50 cents 

497—Ready Reference Data Files—, 
50 cents 

496—How to Specify Instrument Ac- 
curacy, 40 cents 

494—How to Use the Root Locus in 
Control Design, 45 cents 

489—Fundamentals of Multivibrators, 
45 cents 

488—A Roundup of Control System 
Test Equipment, 60 cents 

487—Survey of Ac Adjustable Speed 
Drives, 50 cents 

486—A New Way to Select the Best 
Control Valve, 50 cents 

485—Fundamentals of Tie-Motor Con- 
trol, 30 cents 

483—Economics in Control, 50 cents 


480—Applying Control Timers, 50 cents 

478—Servo Modulators, 65 cents 

477—Basic Data on Process Control 
Systems, 50 cents 

476—Three Ways to Simulate Dead 
Time, 15 cents 











_XY-(D) RECORDER: 
| $1,550! 


A 


VV 


Model 135 AUTOGRAF 


Uli igs mere)anley-lerenee-larsis)(elara-1e 

circuitry. Built-in calibrated X-axis 

time sweeps, 16 calibrated ranges (each 

axis) plus stepless range. control. Portable, 
rack or table mount, 10%s" x 16%¢" x 4's", weighs 
only 20 Ibs.! Includes all populat AUTOGRAF 


features for maximum usefulness, versatility. 


Ale recorders F. = MOSELEY co. 


Dept. H-10 409 N. Fair Oaks Avenue, Pasadena, California 
Murray 1-0208 TWX PASA CAL 7687 
Field Representatives in all Principal Areas 
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MSA Instruments apply 
all these principles for 
dependable 

process stream analysis 


« ° 
lonization: 
Now MSA simplifies control of contaminants in the parts per billion to parts per million 
range. The M-S-A” BillionAire* Analyzer is the hypersensitive instrument. « It’s already at 
work in air pollution studies, process monitoring and continuous measurement of toxic gases 
in air. * Except when measuring oxygen in low concentrations, the instrument is sensitized 
for a specific problem by reacting the gas of interest with a reagent system to convert that 
gas to an aerosol. The aerosol passing through the ionization chamber changes its electrical 
conductivity which unbalances a bridge circuit in proportion to concentration. This in turn 
is indicated by an integral meter or recorder. * This new ionization detection system dis- 
plays high sensitivity for acid gases such as HCl, HF, SO., HCN, N.O,; alkaline gases such 
as ammonia, hydrazene, UDMH, amines; halogenated hydrocarbons such as carbon ~a% . 
tetrachloride, trichlorethylene, ethylene chlorine, ethylene bromide; and many others. 
* The versatility of our big picture approach to instrumentation is symbolized in ja) 

tH 
the adjoining illustrative panels. Please write for our new M-S-A BillionAire 
Analyzer bulletin. Or for any of our other process stream analyzer literature. 


Mine Safety Appliances Company, Pittsburgh 8, Pennsylvania 


*Trademark 
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; M-S-A® Gas 
Chromatograph 

j epee = 


infrared Analyzer 
Model 200 
lonization = 


M-S-A® LIRA® 
infrared Analyzer 
Model 300 


Refraction 
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A® BillionAire* 
Analyzer 
ee aT 











M-S-A® Process 
Refractometer 


infrared 
Depolarization Analysis a) 
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M-S-A® Inert Gas 
Analyzer 





Combustible Gas 
Analyzer 


e 


M-S-A® Thermatron 
Analyzer 
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Catalytic Thermal 
Combustion Properties 


INSTRUMENT DIVISION 
Mine Safety Appliances 
Company 
Pittsburgh 8, Pennsylvania M-S-A® Oxygen 


Indicator 


Chromatography Water Vapor 


*Trademark Recorder 
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Low Cost Digital Control Computer 


A sophisticated low-priced control computer with capabili- ning and alarm functions to proceed independently of the 
ties ranging from simple logging to closed-loop control, the computer's control program. A similar degree of flexibility 
TRW-330 brings you a new standard in flexibility. You can 
start with a small basic system that matches your current 
requirements and then add capabilities as you need them. 


is afforded by the TRW-330’s analog-output system, priority 
interrupt circuits, digital input-output equipment, fast-access 
storage, and command structure. 
SO ¢ ‘oo xe he scessf i alle 3 , " . : 

Thompson Ramo Wooldridge has successfully installed more fRW-330’s are supplied in cabinets that match the applica- 
digital control computers than any other manufacturer. . ‘ , ; 

ee : tion: rugged cabinets for harsh industrial environment, air 
Because TRW-330 design is based on this experience, you 

af purgable cabinets for hazardous environment, or standard 

are assured that a TRW-330 system offers the greatest value 


per dollar in computer hardware — in flexibility, reliability, control-room, cabinets. 

efficiency. [TRW-330 CAPABILITIES — TRW-330 computing speeds 
TRW-330 FLEXIBILITY — Memory sizes range from 4,000 exceed those of competitively priced machines, addition 
to over 100,000 words; analog input capacity from 0 to instructions can be performed in 260 microseconds, includ- 
over 1,000; an optional subsystem permits automatic scan- ing access time. 


TRW Computers Company 


» division of Thompson Ramo Wooldridge Inc. 4, 
4 A AR< r AVENUE AWN A PARK CALIF RN pA 

TO FIND OUT HOW THE TRW-330 CAN BE APPLIED TO YOUR CONTROL PROBLEM, CONTACT ANY OF THE TRW COMPUTERS COMPANY OFFICES LISTED BELOW 
220 North Canon Drive 1510 Esperson Building 200 East 42nd Street 200 South Michigan Avenue 3272 Peachtree Road, N.E 
BEVERLY HILLS, CALIFORNIA HOUSTON, TEXAS NEW YORK 17, NEW YORK CHICAGO, ILLINOIS ATLANTA 5, GEORGIA 
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Catalogs & Bulletins 


Continued from page 163 


pp. Covers full line of electronic trans- 
formers specifically produced for military 
use. Among the company’s stock models 
are metal cased, hermetically sealed, en- 
capsulated, subminiature, and microminia 
ture transformers. Complete charts give 
model numbers, ratings, and case dimen 
sions. Outline drawings and wiring dia 
grams are included. Reliability and mili 
tary specifications are discussed, and a 
table gives characteristics of common recti- 
fier circuits. Circle No. 412. 
PRECISION ADJUSTABLE TIMERS. 
Technology Instrument Corp., Space In 
strumentation Div. Brochure, 4 pp. De 
scribes the micro-adjustable sequence 
timer, Model 4-23. Clear photograplis 
demonstrate the ease of setting and 
adjustment. Construction features, ac 
curacy, and switch. specifications are de 
scribed, and dimensional and environ 
mental data are given. Circle No. 413. 
SHAFT ANGLE ENCODERS. Com- 
puter Control Co., Inc., Dychro Dept 
Catalog D, 8 pp. Describes a series of 
linear and sine-cosine optical encoders for 
converting angular information into binary 
code. Principle of the encoders’ opera 
tion and specifications of the units are 
given in text, line drawings, and photo- 
graphs. ‘Typical applications are noted, 
and auxiliary test sets and power supplies 
are described. Circle No. 414. 


AIR OPERATORS. Hills-McCanna Co 
Bulletin 134-A, 6 pp. Covers eight types 
of air operators for the manufacturer's 
diaphragm valves. These valves are recom 
mended for remote and automatic flow 
control of a full range of corrosive and 
noncorrosive liquids and gases. Operators 
listed are for valves from 4 to 12-in 
sizes. Sectional drawings, graphs of air 
actuator pressures for various line pres 
sures, dimensional data, and ordering in 
structions are given. Circle No. 415. 
POWER CYLINDER DATA. Mille: 
Fluid Power Div., Flick-Reedy Corp. Bul 
letin AJH-104S, 32 pp. Describes manu- 
facturer’s complete line of air and 
hydraulic cyinders, providing all the infor- 
mation needed to select cylinders by size, 
thrust, bore, stroke, and mounting. Cut- 
away drawings with accompanying tech- 
nical descriptions show how the devices 
are made and how they operate. Color 
coded tables and charts give information 
on torque, strength, safety factors, and 
pressure losses. Circle No. 416. 
rRANSISTORIZED TELEMETRY 
SYSTEM. General Electric Co. Bulle 
tin GEA-7163, 8 pp. Starts by describing 
the nature of telemetry and where telem 
etry systems should be used. Describes 
a new transistorized analog system, in- 
cluding complete specifications and typical 
block diagrams. Circle No. 417. 

SPEED CONTROL. U. S. Electrical 
Motors, Inc. Brochure F-1952, 8 pp. 
Describes 12 typical applications of con- 
trolled speed systems. Among those illy:s- 
trated with three dimensional drawings 
are five wsing ac frequency control multi- 
motor systems and single motor systems 
using variable speed drives and torque 
motors, Circle No. 418. 
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How Convair-Astronautics 


(and 84,999 other missile parts) 


The Manufacturing Control De- 
partment at Convair (Astronautics) 
Division of General Dynamics Cor- 
poration has a monumental prob- 
lem: how to keep track of the 
movement of over 85,000 individual 
missile parts. 

The solution: automated data 
preparation by means of a Friden 
Collectadata® system. Situated in 
key plant locations, Collectadata 
transmitters report virtually all parts 
movements—over 5000 every day— 
to central Collectadata receivers 


which record them into punched 


paper tape. At day’s end the Col- 
lectadata tapes are fed into the elec- 
tronic computer at Astronautics for 
further data processing. 


This is what Astronautics says: “The 
Collectadata has been in use at 
Astronautics for less than a year. 
But by eliminating tedious manual 
paperwork, and by assuring prompt 
processing of all inventory reports, 
it has already saved considerable 
time, trouble and money.” 


How much could Collectadata save 
you? Call your Friden Systems 
Man, or write: Friden, Inc., San 
Leandro, California. 

THIS IS PRACTIMATION: auto- 
mation so hand-in-hand with prac- 
ticality there can be no other word 
for it. 


Kriden 


Sales, Service and Instruction Throughoui the U.S. and World 
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shortest 
distance 
between you 
and 
RELIABILITY ! 


¢—---------> 


ELECTRIC co. 


division of 


INDUSTRIAL TIMER CORPORATION 


RELAYS 


FOR EVERY APPLICATION 
Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 


BLtecTRic co. 
division of 


212 River Street, Orange, N. Jd. 
Industrial Relays, Foot Switches, Buzzers, Coils 
Phone: ORange 2-8200 
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Measuring haze in plate 
glass 


From “Measuring and Classifying 
Haze in Plate Glass with an Auto- 
matic Hazemeter’, by W. W. Pres- 
ton, ISA Paper No. 10.4, presented 
at the Joint Automatic Control 
Conference, Boulder, Colo., June 
28-30, 1961. 


To quantify a physical characteristic 
(haze) in a product (auto glass) for 
both economic and quality improve- 
ment, an automatic hazemeter was 
developed to aid quality control. 

Haze consists of minute rouge-filled 
pits in the polished surface of the 
glass. Although it is not necessarily 
detrimental to normal vision, its pres- 
ence is not desirable. Studies of the 
light-scattering by the pits revealed 
that the distinctness of an image is 
generally affected by the light within 
the axial area of vision, a 2-deg cone. 
Over 99 percent of the scattered light 
is between 0.2 deg and 4 deg from the 
optical axis. 

The instrument devised to measure 
the haze consists of two main sections 
—the transmitter, or light source sec- 
tion, and the receiver, or photocell 
section. The transmitter supplies a 
near-collimated beam of light to the 
test sample. The receiver section con- 
tains light baffles and a barrier layer 
PE cell. Test specimens are placed in 
a 3-in. gap between the transmitter 
and the receiver. The photocell has a 
0.25-in. diam hole drilled comnleteh 
through the center and is placed to 
register scattered light within an angle 
of approximately 4 deg from the op- 
tical axis. Unscattered light within a 
0.5 deg angle passes through the hole 
and is sensed by a second photocell 
whose output is used in a transmission 
calibration circuit. The scattered light 
registered by the drilled photocell is 
amplified and drives a meter calibrated 
in arbitrary haze units. 

The simple manual instrument was 
extensively tested and its readings cor- 
related with visual and laboratory ob- 
servations. It then served as a basis for 
the second phase of development—an 
automatic hazemeter. This was ex- 
tensively tested on a conveyor line 
under actual production conditions. 

Finally, using earlier developments, 
a hazemeter system was made with 
counters and marking actuators. In this 
version, four meter relays hooked in 
parellel at the instrument output are 
used to signal different degrees of haze, 
so that quality trend data are logged 
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ROCKWELL-REPUBLIC 


V-5 gauges combine small size 
with big-gauge readability 


TRY THIS 
“CUTOUT TEST” 


For a true demonstration 
of the readability of Rock- 
well-Republic V-5 gauges, 
cut out the actual-size photo 
at the right. Mount it on 
any wall or panel board. 
Step back and see how easily 
the scale can be read, even 
from 10 or 12 feet away! 


BIG-GAUGE 
ACCURACY, TOO 


Compact V-5 gauges are 
equipped with electric re- 
ceivers or full sized dia- 

hragms, bellows, and 

elixes for maximum accu- 
racy and sensitivity. Yet 
these Rockwell- Republic 
gauges require one-fourth 
the panel space needed for 
standard gauges. 


GROUP MOUNTING 
INCREASES 
VERSATILITY 


As many as eight gauges 
can be grouped in a single 
mounting case. Types can 
be mixed to meet individual 
panel requirements. Mount- 
ing is simple, too. Just a 
panel cutout is required in 
most cases. 

There’s a V-5 gauge for 
almost every process meas- 
urement. Mail the coupon 
today for the 12-page bulle- 
tin on these easy-to-read 

auges, and for available 
iterature on other Rock- 
well-Republic instruments, 
controls, and valves. RF-22 


ROCKWELL© 





eS aa 


Please send latest 

literature on the following: 

0 V-5 Gauges () Process Transmitters © Controllers 

0 Computing Relays © Control Stations © Recorders 

©) Flow Meters © Drive Units © Control Vaives 
O Desuperheating & Pressure Reducing Systems 

© Electronic Control Systems 0 Pneumatic Contro! Systems 


Name Title 
Cc 








a 7 





Address 
City Geen Meant Zone State 











Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 


enenesenes maneheemeetel 
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new 
9 dial 
flecade ‘resistor 


voltage divider 


ANALOG TO 
PULSE DURATION 
INSTRUMENTATION 


thumb-wheel switch gives in-line 
digital read-out of resistance or 
voltage ratio 


Decade Resistor provides accuracy 
of 0.05% + 0.005 2. Ranges from 
0.0 to 9,999 in 0.1 Q steps, 0.0 to 
99,999 2 in 1.0 2 steps and 0.0 to 
999,990 2 in 10.0 © steps. 


Temperature coefficient less than 
0.002% per degree C. Maximum 
currents, 0.1 2 is 0.5 amp, 1.0 © is 
0.5 amp, 10 2 is 330 MA, 100 © is 
100 MA, 1K @ is 33 MA, 10K Q is 
10 MA. 


Price $99, with quantity discounts. 
Voltage Divider offers total resistance 
of 1000 2, 10,000 2 and 100,000 2. 


Linearity is 0.01%, temperature co- 
efficient is 0.001%. 


Price $150, with quantity discounts. 
Availability 30 days, soon in stock. 


FOR MORE DETAILS SEE YOUR VOLTRON 
REPRESENTATIVE, OR WRITE 


OEM model with metal dust cover 
shown above. 


Also available in attractive durable case 
for laboratory use. 


Weighs one pound, measures 
223” h x 23%" w x 4Ve” d. 
vo. tron PRODUCTS, INC. 


1020 So. Arroyo Parkway, Pasadena, California 


VOLTRON 


SPECIALISTS 
IN PRECISION 
METERING 
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HERE’S THE FIRST 
SMALL COMPLETE 
DATA-ACQUISITION 
SYSTEM iiss bet 


Acquisition system is a complete and 
compact solid-state packaged system 
designed to meet a wide range of 
instrumentation requirements. You can 
use it to read out thermocouples, 
resistance thermometers, strain-gage 
transducers or any other DC voltage 
low-impedance sensors. Modular plug-in 
board design allows great flexibility— 
one chassis can provide a complete 
20-channel system. 


Data is sampled at 20 samples per 
second; repeatability is 0.1% of full 
scale. Output can be shown or recorded 
directly in engineering units with sign 
indication and channel identification. 
Readout can be converted to punch 
tape, magnetic tape, typewriter or other 
storage medium. 


The new Genisco APD requires low 

power and is ideal for portable, lab- 

oratory, or field use. Call or write 

today for prices and complete details. 
*Patent Applied For 








( yenisco 








2233 Federal Ave., Los Angeles 64, California 
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ABSTRACTS 


by the system during automatic in- 
spection of product output. 


Computer programs surveyed 


From “Third Report on Survey of 
Electric Utility Applications of 
Digital Computers”, prepared by 
the Computer Application Subcom- 
mittee of the AIEE System Engi- 
neering Committee. Available from 
the “IEE, 33 West 39th Street, 
New York 18, N. Y. 208 pp., $2.50. 


In compiling this survey every util- 
ity system with over 75,000 customer 
meters was asked to submit descrip- 
tions of their digital computer pro- 
grams. Some 325 programs dealing 
with engineering problems have been 
arranged in the following categories: 
Transmission and Distribution Sys- 
tems, Economics, Structural, Mathe- 
matical, Transient Studies, Statistical, 
Probability, Forecasting, Steam Sta- 
tions, Hydro Stations, and Computer 
Language Conversion. The report does 
not include programs for commercial 
applications, i.e., customer billing, nor 
does it include many of the all-purpose 
mathematical subroutines and com- 
piling systems available. 

The purpose of the tabulation is to 
reduce the expensive duplication of 
time and effort required if each user 
were to program identical problems 
independently. 


Boiler connection standards 


From “Recommended Standard In- 
strument Connections’, prepared 
by a joint committee of the Re- 
corder-Controller Section of the 
Scientific Apparatus Makers Asso- 
ciation and the American Boiler 
Manufacturers Association. Avail- 
able from the Recorder-Controller 
Section, SAMA, 370 Lexington 
Ave., New York 17, N.Y., $3. 


SAMA and ABMA have made a 
joint effort to standardize the identifi- 
cation and location of instrument and 
control connections for power boilers 
in the 50,000-30,000 Ibs of steam per 
hour range. There are drawings of 44 
typical boilers made by the Babcock & 
Wilcox Co., Combustion Engineering, 
Inc., Foster Wheeler Corp., and Riley 
Stoker Co. Each drawing shows the 
recommended locations of all control 
equipment and instruments. The in- 
troduction contains general nomencla- 
ture and recommendations for boiler 
setting, duct pressure, and tempera- 
ture element location and installation. 
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For the best in liquid analysis, see L&N 


You get fast, drift-free pH or redox measure- 
ments with this L&N stabilized indicator 


And here’s why! With warm-up 
time of less than 60 seconds and a 
response of about 1.5 seconds, this 
indicator has an a-c chopper-stabil- 
ized amplifier (pioneered and per- 
fected by L&N) which eliminates 
zero drift. Equalization of input and 
d-c feedback eliminates effects due 
to tube aging and normal line volt- 
age fluctuations. And exceptionally 
high-quality insulation eliminates 
the need for dessicants. 

Other important features include: 
e A mirrored 5%-inch scale which 
minimizes parallax. 

e Five ranges—0 to 14 pH, 0 to 
+700 mv, and 0 to +1400 mv—for 
versatility in measurements. 

e A zero rheostat for setting zero 
at any point on the scale for milli- 
volt measurements. 


is 
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@ Scale readability to 0.02 pH... 
1 mv on the 700 mv range; 2 mv on 
the 1400 mv range. 


e Permissible source resistance of 
0 to 2000 megohms or more. 


This indicator can be supplied for 
bench-work, or in a case for panel 
mounting as shown above. Primarily 
used for continuous indication, it 
can also produce a d-c output signal 
to a Speedomax recorder where a 
record is desired. 


Convenient features such as these ex- 
plain why this indicator has been so 
widely accepted by industry. For 
further information on this or any 
of our products or services, call your 
nearest L&N office or write 4918 
Stenton Avenue, Philadelphia 44, Pa. 


LEeeos & worrHrur / Pioneers in Precision 
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Control 
and 
Instrumentation 
Engineers 


A key research and development program is now underway 
at Atomics International to design long-life, compact, light- 
weight nuclear reactors that will provide auxiliary power 
systems for space applications. Many interesting problems 
exist to challenge electrical engineers who want to relate 
their present experience to reactor technology in any of the 
following areas: 


FLIGHT INSTRUMENTATION DESIGN 

Electrical control system design and/or aircraft or missile 
flight instrumentation design. Will establish flight instru- 
mentation requirements, block diagrams for flight and test 
systems, preliminary specifications for each instrument or 
subsystem. 


TELEMETRY 


Responsible engineers to analyze, plan and specify the telem- 
etry required to ascertain the performance of nuclear 
power plants during space tests. The individuals must have 
experience in missile instrumentation and telemetry of tem- 
perature, vibration, acceleration, etc. BS or MSEE preferred. 


CONTROL ANALYSIS 


Dynamic and control analysis including system start-up and 
full power operation. BS or MSEE plus familiarity with 
latest analog and digital techniques required. 


CIRCUIT DESIGN 


Electronics engineers experienced with both vacuum tube 
and magnetic devices to design and develop control circuits 
for compact nuclear power plants. 


All qualified applicants will receive consideration for employment without 
regard to race, creed, color, or national origin. 


For specific details write: Mr.C.K.Newton, Personnel 
Office, Atomics International, 8900 DeSoto Avenue, 
Canoga Park, California. 


ATOMICS INTERNATIONAL 


DIVISION OF NORTH AMERICAN AVIATION 





NEW PHOTOELECTRIC 


SHAFT POSITION 
ENCODERS 


FOR HIGH ACCURACY 
ANGULAR MEASUREMENT 


move 212 $500 
mopet 213 $515 


QUANTITY PRICES ON REQUEST 


MODEL 212 


Shown above one-half actual size, 
Model 212 offers top reliability and 
precision. 
DIVIDES A CIRCLE 
INTO 2,048 PARTS 
and does it with a minimum of com- 
ponents—no brushes, gears, tubes or 
transistors. Diameter: 24g", Length, 3" 
Weight: 12 ounces. 


MODEL 213 


features 0 to 999 count, cyclic excess-3 
B.C.D. code. Divides a circle into 1,000 
parts and gives decimal readout. Same 
size as Model 212. 


WRITE FOR 
DESCRIPTIVE LITERATURE 


AR&T ELECTRONICS, Inc. 


BOX 627 LITTLE ROCK, ARK. 
A WHOLLY-OWNED SUBSIDIARY OF 


THE BALDWIN 
PIANO COMPANY 
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| NEW BOOKS 


Inertial guidance primer 


PrincipLes OF INERTIAL NAviGA- 
tion, C. J. Savant, Jr., R. C. How- 
ard, C. B. Solloway, and C, A. 
Savant, 254 pp., Published by the 
McGraw-Hill Book Co., Inc., New 
York. $9.75. 


This book is intended as an intro- 
duction to inertial navigation for grad- 
uate engineers and ranges over all 
facets of the problem. The reader will 
find discussions of varying length and 
rigor, of accelerometers, gyroscopes, 
stable platforms, computers, integra- 
tors, alignment techniques, mechani- 
zation schemes, the relative merit of 
different coordinate systems, elements 
of ballistic guidance, gravity, and or- 
bital trajectories. 

The authors bring to their task a 
background of accomplishment in the 
field, but they have tried to cover too 
much material in too little space. The 
book readily betrays its multiple au- 
thorship, for its outstanding character- 
istic is an unevenness in content and 
development. In too many cases the 
thoroughness with which a topic is 
covered bears no relationship to its 
significance and could mislead a 
novice. For example, four pages are 
devoted to double integrating acceler- 
ometers which enjoy very limited use 
in contemporary inertial navigation 
systems, while the widely used velocity 
meter is treated in a single page. 

In their preface the authors rightly 
acknowledge that problems of security 
classification render many of their 
illustrations obsolete. They would 
have been better advised to devote 
more attention to theory than to de- 
tailed descriptions of equipment which 
is no longer representative of the un- 
classified state of the art. 

There can be no excuse for a num- 
ber of minor but disconcerting errors 
of fact which can dampen the confi- 
dence of the reader in more important 
matters, e.g., the Schuler pendulum 
was first described in 1923, not in the 
nineteenth century; stable platforms 
can be used with vibration isolators; 
and nitrogen is not chemically inert. 

The reader who is familiar with in- 
ertial navigation will find little of in- 
terest, but for someone seeking an ini- 
tial insight, this book must suffice for 
lack of an available alternate. Perhaps 
a revised and expanded edition in the 
near future might achieve the author's 
unfulfilled promise. 

B. Lichtenstein 
Kearfott Div. 
General Precision, Inc. 
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Speedomax 
Recorder 
Controller 

















L&N’s Controllability Analysis can 
solve your pH control problem, too! 


And here’s why! A product of our 
long experience in pH, L&N’s Con- 
trollability Analysis technique takes 
into account ali the factors involved 
in your particular control problem 
. . . factors such as agitation, flow 
rate and its variations, changes in 
acidity, retention, detection lag, 
control point and rangeability of 
feeding devices. 

By analyzing all these factors, 
L&N engineers determine the de- 
gree of control possible and the 
type of control applicable to your 
particular process ... whether it 
involves waste treatment, cooling 
tower water, or pH of production 


agents. 
be 
& 














And you’ll find that we supply a 
complete line of high-quality, proc- 
ess-proved control equipment, de- 
signed and built by L&N — from 
electrodes to valve drive units—and 
will take complete responsibility for 
its successful operation. Control 
systems can be electric, electro-pneu- 
matic or pneumatic. 


If you have a pH problem, it'll pay 
you to find out what L&N control 
can do for your process. For infor- 
mation on our controllability tech- 
niques, or on any of our products 
or services, call your nearest L&N 
office or write 4918 Stenton Avenue, 
Philadelphia 44, Pa. 


LEEDS & NORTHRUP / Pioneers in Precision 
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Watch Weston for new developments... 


Space satellite Exotic in both design and application, this reaction thrust valve 


developed by Weston Hydraulics is used to stabilize and control TV 
satellites while in orbit. Used in pairs, each valve is actually three 
rR EACTION valves in one, the pair controlling all three axes of roll, pitch and 
yaw. A 14 kt gold plating helps regulate temperature and provides 


TH R U ST VA LV Ee resistance to corrosion. & Weston’s facilities are just as modern as 


the products they put out. The pneumatics laboratory, shown here, 


gets “show wi ndow”’ is one of the largest and best-equipped available, with special win- 


dows for safe testing to 5,000 psi! M Put Weston’s experience to 


testing at Weston | work for you. Write or call for information on a hydraulic, pneu- 


matic or gas actuated control system for almost any application! 


WeSION 


HYDRAULICS LIMITED aires 
A SUBSIDIARY OF BORG-WARNER CORPORATION 


7500 Tyrone Ave., Van Nuys, Calif. « Telephone TRiangle 3-4340 


Specia! windows for high pressure testing 
have 1” thick bullet-proof glass in this | 
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NEW BOOKS _—_- 


Guide to pneumatics 


Compressep Arr anp Gas HAnp- 
Book, Third Edition, 592 pp. 
Edited and published by the Com- 
pressed Air and Gas Institute, Cleve- 
land, Ohio. $8. 


This contains a great deal of valu- 
able information that could, if used 
properly, help produce improved speci- 

cations for compressed air installa- 
tions. It could be put to good use by 
engineers designing machinery and rec- 
ommending types and sizes of com- 
pressors, tools, and air motors. It 
could also be useful to architects. 

The big problem is finding the in- 
formation that fits the majority of 
cases, for there is too much data relat- 
ing to special conditions, which clouds 
the data used in more ordinary situa- 
tions. A section should have been de- 
voted to a clear, concise explanation 
of the basic points in setting up a 

meumatic system, perhaps in check 
ist form. The more verbose data 
could be treated as a reference material 
to be reviewed as necessary. 

The small portion on circuitry 
might as well have been omitted. It is 
of no aid in component selection or 
systems design and merely indicates it 
“can be done.” Although cylinders and 
valves are used by the thousands, they 
are glossed over rather quickly, and 
what is said has little real value. 

Despite these shortcomings, there 
is, unquestionably, a wealth of good 
reference information that can be ob- 
tained from this book. It will be use- 
ful to those who take the trouble to 
read it. 

E. L. Holbrook 
Barker Instrument & Machine 
Co., Inc. 


Mechanisms and machines 


THeory or Macuines, Joseph 
Edward Shigley, 567 pp. Published 
by the McGraw-Hill Book Co., Inc., 
New York. $11.50. 


This is actually two books in one. 

Part I, Kinematic Analysis of Mo- 
tions, deals with the geometry of 
motions without reference to the forces 
that cause them. After describing the 
necessary fundamentals, the author 
considers real motion-producing situa- 
tions, including all types of gears, link- 
ages, cams, and analog computing 
mechanisms. 

Part Il, Dynamic Analysis of Ma- 
chines, examines the motions of 
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New L&N monitor indicates solution conduc- 
tivity continuously... provides range versatility 


And here’s why! Completely tran- 
sistorized, it applies a stabilized a-c 
voltage to the conductivity cell and 
a series resistor ... rectifies the 
voltage drop across the resistor... 
and measures the resultant d-c sig- 
nal. The transistorized demodula- 
tor assures dependable operation, 
year-in and year-out. 

Range versatility is such that the 
monitor can be used for a variety 
of measurements, including demin- 
eralization of water . . . condensate 
purity checks ... rinse operations 
... acid and caustic regeneration of 
ion exchangers ... and sulfuric acid 
manufacture. Standard ranges are 
calibrated in linear and non-linear 
micromhos specific conductance, and 
percent concentration of sulfuric 
acid and sodium hydroxide. 


Lc 
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If new application needs require 
a change in range, you simply sub- 
stitute a new meter. 
Other outstanding features include: 
e D-c output signal for transmis- 
sion to a recorder or other data log- 
ging equipment. 


e Automatic or manual temperature 
compensation. 


e To meet your needs, two con- 
venient models: a panel or wall- 
mounted industrial model (as illus- 
trated) or a light-weight portable 
model with a handle. 


To find out what this monitor can do 
for you, or for information on any 
of our products or services, call your 
nearest L&N office or write 4918 
Stenton Avenue, Philadelphia 44, Pa. 
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data recorders 
expensive ? 


r ot cana © thet 


— 


now, Mnemotron gives 
you a complete, easy- 

| to-use 4-channel analog 
tape record/reproduce 
system with 0.2% precision 


for only 3 495 
5 


Complete with 10%” reel tape transport, rack 
mounted. 


Mnemotron offers a unique pulsed 
FM principle and fully transistor- 
ized, self-contained unit that records 
all analog data * data acquisition * 
storage, analysis and reduction * time 
scale contraction and expansion * 
programming * computer read IN and 
read OUT « dynamic simulation. With 
Mnemotron, you can do more with 
paper recorders .. . expanding fre- 
quency response and channel capac- 
ity, saving you from being deluged 
with data, permitting you to look at 
the same data at different time scales. 
Mode! M204 features: 

Any 2 adjacent speeds: 334, 7Y2, 15 ips. 
Added low speed available on special ie. 
Frequency Response: 

® DC—800 cps 15 ips 
@ DC—400 cps @ 72 ips 

® DC—200 cps 334 ips 

Linearity: 0.2% full scale. 

Noise: Less than —50 db full scale. 
Crosstalk: below 70 db. 

Extended range systems also available. 


Write, wire, phone today for 
complete details. 


er eantes ro recorders and bio- 
ogical computers 
43 South Main Street, Pearl River, N. Y. 
®@ PEar! River 5-4015 (914) 
® Cables: Mnemotron 





NEW BOOKS 





various machine parts acted on by 
forces. There is a lengthy chapter on 
vibration analysis, amply illustrated b 
practical examples, and a chapter deal- 
ing with centrifugal force effects on 
unbalanced machine parts and tech- 
niques of dynamic balancing. The re- 
maining chapters deal with reciprocat- 
ing engine, cam, and feedback system 
dynamics. Short Fp give 
formulas for finding the position of a 
four-bar linkage, tables of involute 
functions, and moments of inertia, 
along with a description of indicator 
diagrams. 

Each chapter is followed by a set 
of illustrative problems, and the an- 
swers are included. The book is ex- 
ceptionally well written and is suited 
for use as a reference or a text for 
teaching or self study. 

Mitchell Salanas 
Lawrence Radiation Laboratory 


Transistor text 


TRANsisToRS: Privcrpars, DEsIGN, 
anp Appiications Wolfgang W. 
Gartner, 675 pp. Published by D. 
Van Nostrand Co., Inc., New York, 
$12.50. 


Written as a college text and as a 
tool for the engineer, this book pro- 
vides the theoretical and practical as- 
pects of transistor circuit and device 
design, and gives a thorough er 
tion of transistor properties and appli- 
cations. 

There is a history of transistor devel- 
opment, and the necessary semicon- 
ductor physics and the properties of 
semiconductors and PN junctions are 

resented in an analytical and sound 
ashion. The basic design theory of 
transistors, first the junction type and 
then most of the other classes devel- 
oped to date, is covered next, followed 
by the methods of characterizing 
transistors, and the dependence of 
transistor properties on current, volt- 
age, frequency, and temperature. 

The remaining chapters are con- 
cerned with circuit applications. There 
is a comprehensive discussion of bias- 
ing, and several categories of amplli- 
fiers, classified according to frequency 
response and power output, are de- 
scribed. The two chapters are devoted 
to oscillators, and two more to pulse 
or switching circuits and such non- 
linear applications as harmonic gener- 
ation, detection, modulation, and de- 
modulation. 

A. N. DeSautels 
Maico Electronics, Inc. 














: 
pHayes+m ster 
j My 


HERE AT LAST is a simple, compact, 
space-saving package that provides 
microsecond response for control- 
ling power to electric furnaces . . . 
and for numerous other applica- 
tions and processes where tempera- 
tures must be precisely regulated. 


A TRANSISTORIZED UNIT, the 
new Hayes pHayes-master now re- 
places costly and bulky saturable 
core reactors, tubes, magamps, 
powerstats, etc. — with one, small, 
smartly-designed control unit! 


VERSATILE, TOO .. . pHayes- 
master can be used with most pro- 
portioning type temperature instru- 
ments .. . han- 
dies up to 70 7 
amp. capaci- 
ties at 220 
volts, with 
stepless con- 
trol over the 
full 0-100% 
kange. Highly 
accurate, 
pHayes-master provides instantane- 
ous, straight-line response . . . com- 
pletely without lag or hunting. 


ECONOMY is another big advan- 
tage. The Hayes pHayes-master fea- 
tures a high power factor—expends 
only a fraction of the power source 
for control. Simple rugged construc- 
tion and circuitry make it far easier 
and cheaper to install and maintain 
than conventional control devices. 


These are just the highlights. If your 
equipment or process calls for close 
control of power for heat genera- 
tion, get the complete facts on the 
all-new Hayes pHayes-master. 
Write for new Bulletin C-1,or tell 
aga us about your 
application re- 

quirements. — 

C.LHAYES, 

INC., 938 

Wellington 

Ave., Cran- 

ston 10, R. I. 


Cc. i. HAYES, INC. 


Established 1905 





it Pays To See Hayes for metallurgical 
guidance, lab facilities, furnaces, atmos- 
phere generators, gas and liquid dryers, 
pHayes-master (TM) contro! units. 
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NEW 
MB Automatic 
poJolotoadaian 


Sleltrclipacte 


¢ Speeds Up Random 
Vibration Testing 


¢ Eliminates Costly 
Set-Up Time 


MB’s New Automatic Spectrum 
Equalizer provides automatic com- 
pensation of “random motion” sys- 
tem. Saves time and raoney in 
environmental testing of missile 
components and systems. Simply set 
desired spectrum shape on graphic 
panel in terms of power density in 
db, and turn the level control. The 
fully automatic control system as- 
sures conformity between desired 
and actual spectra. Tests can be 
rerun at a later date with assurance 
of identical spectral content. 


Other features include: 

e High accuracy; emptoys 80 filters, 
each 25 cps wide, covering frequency 
range 15 cps to 2000 cps. 

Wide dynamic contro! range 

High stability; better than. 008% /° C, 
Low distortion; less than 1.5% 
Special read-out to permit rapid 
analysis 


For more information, 
send for Bulletin 129. 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1101 State Street, New Haven 11, Conn. 
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READALL READOUT NEWS from Union Switch & Signal 


SOURCE OF BINARY 
CODE DATA 


READALLS’ reduce equipment requirements... 
simplify circuitry in industrial control systems 


A comparison of the two methods of dis- 
playing information reveals the advan- 
tages of READALL Readout Instruments. 
Method A shows a system which requires 
the use of complicated conversion equip- 
ment to bring about a visual display of 
desired data. Method B eliminates the 
need for associated conversion units. The 
additional equipment required in Method 
A increases initial equipment costs as 
well as installation and maintenance costs. 
Use of ReEapALL Readout Instruments 


makes it possible to eliminate the “black 
boxes” ordinarily required for use with 
more indirect readout methods. 

Outstanding features in one small pack- 
age: Readability of display. Binary de- 
coding. Data storage. Electrical readout. 

UNION READALL Readout Instruments 
are available in 10, 12, and 64-character 
units. Special militarized 12 and 64-char- 
acter units have been designed specifically 
for MiL-E-5422D. 

Write for Bulletin 1057. 


UNION SWITCH &€ SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —= 
PITTSBURGH 18, PENNSYLVANIA 
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HEISE GAUGES 


Complete information 
on the industries’ most 
ACCURATE pressure 
test instrument. 


PRESSURE RANGES 
0 to 15 P.S.1. 
Oto 100,000 P.S.1. 
ACCURACY 
0.1% full scale 
reading 
DIAL SIZES 
814” - 12” - 16” 
THERMAL STABILITY 
Absolute from 
—25°F to +125°F 
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New McGraw-Hill 
books for the 
Control Engineer 





MEETINGS 





Stromberg- 
Carlson® 


RELAYS 





OCTOBER 


Seventh National Communications 
Symposium, Institute of Radio En- 
gineers, Hotel Utica and Memorial 

Auditorium, Utica, N.Y. Oct. 24 
the how and why of programmes. 


Institute of Radio Engineers, Cana- 
with clear discussions modern i i ibiti 
techniques for accuracy in data proc- dian Convention, Exhibition Park, 
essing. Furpishes principles and Toronto, Canada Oct. 4-6 


meenees oremense to all computers 
International Systems Meeting, spon- 
sored by Systems and Procedures 
Association, Statler-Hilton and Pick- 
Carter Hotels, Cleveland, Ohio 
Oct. 8-11 


National Electronics Conference, spon- 
sored by IRE, AIEE, EIA, SMPTE, 
Hotel Sherman, Chicago, II. 

Oct. 9-11 


National Conference on Industrial 
Hydraulics, sponsored by Illinois In- 
stitute of Technology and eleven 
engineering societies, Sherman Ho- 
tel, Chicago, Ill. Oct. 19-20 


Midwest Conference of the American 
Society for Quality Control, Chase- 
Park Plaza Hotel, St. Louis, Mo. 

Oct. 19-20 


Forum on Legal and Practical Ques- 
tions Raised by Computer Use, 


PROGRAMMING COMPUTERS 
FOR BUSINESS 
APPLICATIONS 


Just Out. Offers practical guidance on 


ee o—- lains how to obtain top 
efficie ney in programming and coding. 
By N. Chapin, Stanford Research In- 
stitute. 279 pp., 82 illus., $7.50 


TOTAL QUALITY 
CONTROL 


Just Out. Fully discusses the activity 
of controlling quality of products in 
industry as it extends throughout the 
entire business system. Covers en- 
gineeering technologies used in qual- 
ity control work. By A. V. Feigen- 
baum, General Electric Co. 627 pp., 
over 230 Ulus., $11.00 





GROUND SUPPORT SYSTEMS 
FOR MISSILES AND 
SPACE VEHICLES 


Just Out. Presents complete data on 
the systems required to support mis- 
siles and space vehicles. Covers data 
subsystems, facilities, vulnerability 
protection, maintenance and logistics, 
ete. Special discussions of manage- 
ment concepts are included. By K. 
Brown, Univ. of Calif., L. A. and P. 
Weiser, Space Tech. Labs., Inc. 608 
pp., 200 illus., $15.00 











ELECTRONIC 
AMPLIFIER CIRCUITS 


Just Out. Covers both vacuum tube 
and transistor amplifying devices in- 
corporating practical design results. 
Includes measurement techniques to 
facilitate design and confirm final per- 
formance, and applications of math- 
ematical theory. By J. M, Pettit and 
M. M. McWhorter, Stanford Univ. 336 
pp., 255 illus., $9.25 


TECHNICAL REPORT 
WRITING 


Just Out—2nd Ed. Helps you prepare 
well-written technical reports on your 
engineering and scientific investiga- 
tive work. Explains organization, 
style, and form—shows how to avoid 
common faults of poor reports. In- 
eludes graphical methods of correlat- 
ing, analyzing, and presenting experi- 
mental data. By F. H. Rhodes, Cornell 
Univ, 2nd Ed., 168 pp., $5.50 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., See. CON-10 
327 W. 41st St., New York 36, N. Y. 

Send me book(s) checked below 4 10 days’ ex- 
amination on approval. In 10 days I will remit for 
book(s) I keep plus a few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 
return privilege. ) 
0 Chapin— at Computers for Business App., 


Feigenbaum—-Total Quality Control, $11.00 
Brown & Wei Re he Sys. for Missiles 


and Space 
Pettit & Me Whorter—Elec Amp, Ciroults, $9.75 
© Rhodes—Tech. Report Writing, $5.50 


on 
Write MeGraw. Hl nit int. ” ba 2 Cc. 36 CON-10 











sponsored by American Bar Associa- 
tion and Jomt Committee on Con- 
tinuing Legal Education, American 
Law Institute, Pick-Congress Hotel, 
Chicago, Il. Oct. 19-21 


Second New York Conference on Elec- 


tronic Reliability, Institute of Radio 
Engineers, NYU College of Engi- 
neering, University Heights, N. Y. 

Oct. 20 


National Fluid Power Association, Fall 


Meeting, Sheraton Hotel, Philadel- 
phia, Pa. Oct. 22-25 


East Coast Aeronautical and Naviga- 


tional Electronics Conference, Insti- 
tute of Radio Engineers, Lord Balti- 
more Hotel, Baltimore, Md. 

Oct. 23-25 


International Symposium on Aero- 


Space Nuclear Propulsion, spon- 
sored by IRE, AEC, NASA, Hotel 
Riviera, Las Vegas, Nev. Oct. 24-26 


1961 Computer Applications Sympo- 


sium, sponsored by Armour Re- 
search Foundation, Morrison Hotel, 
Chicago, Ill. Oct. 25-26 


1961 Electron Devices Meeting, Insti- 


tute of Radio Engineers, Sheraton 


Park Hotel, Washington, D. C. 


Oct. 26-28 


Telephone-type 


| quality « reliability 


durability 


| TYPE A: general-purpose. Up to 20 Form 


“A” spring combinations, 


| 'T'YPE B: gang-type. Up to 60 Form “A” 


spring combinations, 
TYPE BB: upto 100 Form “A” springs. 
TYPE C: two on one frame. ideal where 


| space is tight. 
| '¥PE E: characteristics of Type A, plus 
| universal mounting. Interchangeable with 


other makes. 

Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 


plication. If you desire, we can also provide 


wired mounting assemblies. 

Details on request from these Stromberg- 
Carlson offices: Atilanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)——2017 Grand Ave- 


| mue; Rochester—1040 University Avenue; 


San Francisco—1805 Rollins Road. 


GENERAL DYNAMICS 


TELECOMMUNICATION 
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ARE YOUR OPTICAL 
REQUIREMENTS 





STORE... 
CONVERT... 
DELAT... 
CONTROL... 
| 
COUNT... 


with this VERSATILE 
10-STAGE 


MAGNETIC REGISTER 








This proven plug-in can wear at least 
six different hats in your digital systems. 
Draws less than flea-power from a single 
+15% voltage source. Maintains 40:1 
ONE:ZERO ratio. Cascades without limit. 
We mass-produce eleven standard de- 
signs up to 750 KC, hence can sell them 


at prices that dishearten competition. 
So reliable we use them ourselves! 


Let us show you how to play the hat 
game with the SRA-10. A bundle of in- 
formative, inspiring literature awaits 
you. Write today. 





DI/AN CONTROLS, INC. 


944 Dorchester Avenue, Boston 25, Massachusetts 
AVenve 8-7700 


magnetic digital/anaiog systems and components 
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the lens you need 
probably is available in the 
. extensive Schneider line 
of over 300 iens types 
hether for tracking, chemical determi- 


mation or analysis, or any other usual or 
unusual lens application, it will pay. — SEE, 


to first check your lens requiresyeotty i Se th 
veld HALL-PAK 


Schneider . . . world’s leader in pre | 
Model BH200 Transverse Field H 


optics. Possibly, the exact lens sy 
.. or a sims sa 03 Axiol Field HALL-PAK 


ou require may be standard within ] 
your answer. In either case, time ar ~~. 


hneider’s extensive line . 
es caererccisbiy ... With j ' . ; os 

he at ce of quality the 1 © Non-inductive construction, making possible new and improved AC applications 

vides. m @ Low noise output — improved low level performance 


@ High Hall output combined with low zero field output voltage; eliminates need for 
external null voltage compensation in many applications 


© Operating Temperature Range: —40°C to +-85°C 


New magnetic sensing devices with high performance standards never before 
attainable commercially. Many applications in measurement and control of 
magnetic fields (gaussmeters; magnetometers; pro- 
duction testing; AC or DC fields; magnetic tape, 
ink and film) wherever a magnetic transducer or 
Hall multiplier is needed. 





HA CG 


Hall effect Gevices 


PAK 





—— Shown 
Actual Size 





Write for details, 





INC. 
giewood, New Jersey 
HOLLYWOOD * ATLANTA DALLAS 


BURLEIGH BROOKS, 
420 Grand Avenue, En 
CHICAGO * 





ELL Inc. 


1356 NORTON AVE. 
COLUMBUS 12, OHIO 
PHONE AX 4-4906 


ELECTRONIC DESIGN 
DEVELOPMENT ¢ MANUFACTURING 
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USE PNEUMATICS WHAT'S AVAILABLE 


TO SOLVE NEW PROBLEMS 


IN REPRINTS 


—these Bulletins may help you find low-cost solutions The following reprints have 


For dependable functioning of prod- 
ucts or equipment you build, use 
pneumatics! Often, air “‘works won- 
ders’’ unmatched by other methods. 
It’s a versatile, controllable, eco- 
nomical medium of force and power 
through vacuum and pressure. 


For example: 


Gast Rotary Air Motors (to 7 h.p.) deliver 
reversible, variable-speed, explosion-proof 
power. They're compact — weigh less — 
cost less. 


Gast Compressors (to 30 p.s.i.) supply air 
blast or pressure to lift, push, mix, atomize, 
oxidize, pressurize on many jobs. 


Gast Vacuum Pumps (to 28” Hg) are used to 
hold, lift, position and shape parts — to 
test, control, fill, evacuate — in 101 ways. 


Use pneumatics—‘‘Air may be your Answer!” 


been prepared to make impor- 
tant referen¢e-type editorial ma- 
terial available to CONTROL 
ENGINEERING readers _ in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 165. Don’t send 
money with card, we will bill 
you later. For multiple copies 
write Reprint Dept. Quantity 
rates will be quoted on request. 

513—Measuring With Solid State Trans- 


ducers, 16 pp. Contains all articles from 
the Measurement section of Control Engi- 


WRITE FOR “APPLICATION IDEAS’* BOOKLET AND CATALOG! neering’s September 1961 theme issue on 





Solid State in Control. Covers piezoelec 
tric and piezoresistive strain gages, Hall 
effect transducers, semiconductor _ ther- 


AIR MOTORS * VACUUM PUMPS » COMPRESSORS 
@ GA STx ANUFACTURING CORP mometers, and a number of devices for 





P.O. Box 117-1 sensing radiant energy based on various 
Harbor, Mich solid state phenomena. Variables that can 





Benton Harbor 
CIRCLE 207 ON READER SERVICE CARD be measured with such transducers include 





From Foxboro - 


the simplest pneumatic 





Simplest to install 


Foxboro’s Type 12A Pneumatic Temperature Transmitter 
weighs just seven pounds and takes up as little space as 
your telephone. Installation is a one-man job. And look 
at the rugged mounting bracket. You can mount the Type 
12A anywhere — in any position — even directly on the 
bulb well. You’ll find it’s easier to manipulate the new, 
smaller flexible armored tubing to just the spot you want. 
It won’t kink either. 


CONTROL ENGINEERING 





temperature, strain, power, current, mag- 
netic field strength, and displacement. 50 
cents. 
512—Ready Reference Data Files—IV, 
20 pp. Contains Data Files 37 to 48. Sub- 
jects range from information display to 
semiconductor voltage regulators to loaded 
parallel-T filters. 50 cents. 
511—Industrial Process waa Whe 
What they do, How they work, 0 
makes them, 14 pp. Reviews basics of 
chromatographic techniques including lat- 
est refinements to increase sensitivity and 
reduce analysis time of this versatile stream 
analyzer, describes major components and 
their functions, and highlights operation 
and specific features of six commercially 
available chromatographs. 50 cents. 
510—The Use of Digital Computers in 
Science, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a two-year period as the Digital Ap- 
plications Series. Prominent authorities 
cover the application, programming, over- 
all system an and commercial availa- 
bility of digital computers in all phases of 
business, industry, and military. (An old 
reprint but with basic and practical con- 
tent of value today). $3.00. 
509—Applying Incremental Servos, 24 
pp. Incremental servos offer many advan- 
tages in closed-loop systems. A grouping 
of five basic articles compares stepping and 
stepless control, describes the operation 
and analysis of solenoid-ratchet and phase- 
pulsed synchronous steppers, shows 16 
applications of stepping motors, tabulates 
pertinent characteristics of available step- 


1500 psi" 


WORKING PRESSURE 


im 002 sec. 


 FAGER-PAK 


new from 


A hermetically sealed nitrogen-filled 
cylinder controlled by a CONAX 
explosive-actuated valve. ..operates 
with 2 amps., to actuate valves or 
pneumatic actuators, and pressurize 
or purge system, 

For complete information write for catalog 
361-XV 


COmea x corrorarion 


2300 Walden Avenue, Buffalo 25, New York 


* Up te 3000 psi available en request 
t Explesive-Actuated Gos Energy Release Pockoges 





After Firing 





(Continued on page 188) 


CIRCLE 208 ON READER SERVICE CARD 





temperature transmitter ever 


Simplest to calibrate 


You can calibrate the Foxboro Type 12A Temperature 
Transmitter in the field in a matter of minutes. All you 
need is a screw driver for most span elevations. And for 
extreme elevations, you need just a simple compensator 
bellows. What’s more, you get wider range limits to work 
with — from —400F to +1400F — and 15 spans. 


Get the complete story on why the Type 12A Tem- 
perature Transmitter gives better performance with 
lower installation and maintenance. Write for Bulle- 
tin 13-17. The Foxboro Company, 3610 Norfolk 
Street, Foxboro, Massachusetts, U.S.A. 


OCTOBER 1961 


Simplest to maintain 


The Foxboro Type 12A Temperature Transmitter needs 
practically no maintenance. It has no links, no secondary 
levers or fulcrums. And it’s fully compensated for ambient 
temperatures and pressures. That’s why you’re guaranteed 
+0.5 percent calibrated accuracy. That’s why it operates 
— year after year — under the toughest conditions of 
shock, wear, corrosion, and weather. 


ft6 Vv & PAT OFF. 
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(” BI-DIRECTIONAL 


Solid-state devices include time 
delay devices, voltage regula- 


- 


COUNTER 





NEWEST 
IN NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile, 45,000- 
count-per-second readout 
device indicates true position 
while going through zero in 
either direction. No need for 
external reset to establish 
reference, thus reducing the 


cost and complexity of related 
devices while simplifying sys- 
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ping motors, and discusses the problems of 
interlocking the devices. 65 cents. 

508—Transistor Switches for Industrial 
Service, March 1961, 24 pp. Industry re- 
quires reliable, inexpensive, and fast switch- 
ing devices. This special report thoroughly 
covers one possible solution to this re- 
quirement—transistor logic modules pack- 
aged for industrial use. Topics include 
how transistors perform logic functions, 
available systems and components, tips on 
selection and use, and case studies of in- 
dustrial applications. 65 cents. 

507—Tips on the Use of Electromechan- 
ical Relays, 24 pp. Compilation of five arti- 
cles presents practical information on the 
design, test, and use of relay control sys- 
tems. Topics covered include: testing relay 
electrical reliability, improving system relia- 
bility, narrowing relay differential, logical 
synthesis of systems, and verifying relay 
control circuits. 65 cents. 

506—What You Should Know About 
Adaptive Systems, 17 pp. Is there such a 
thing as an adaptive control system? 
What approaches have been taken? What 
does the future hold? These are the ques- 
tions the author answers in this three- 
article reprint, in sufficient detail and with 
sufficient references to provide a_ basic 
grounding in this latest area of control 
engineer interest. 50 cents. 

505—The Basics of Optimum Response 
Relay Servos, 17 . Three part series 
summarizes all of he important design 
techniques that have been used to op- 


timize the response of relay servos. The 





tem design and maximizing 
reliability. Modular construc- 
tion of this compact, fully 
transistorized counter includes 
self-contained power supply 
and output connector. 


When used with Hydro-Aire's 
Phototron transducer, this new 
counter converts inputs to 
Nixie tube visual readout and 
to digital type electrical read- 
out for information storage, 
automatic machine control and 
process control systems — 
wherever precision numerical 
readout is required. 


Detailed specifications on this 
and related products now avail- 
able from Hydro-Aire are yours 
on request. 


HYDROAIRE 


DIVISION OF 


@ CRANE & 


3000 WINONA AVE., BURBANK, CALIF. 
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tors, power supplies, inverters. ; 
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Suppress 
lead wire 
errors 
with 


REC’s new 
TRIPLE BRIDGE UNIT 


Check these advantages in resistance 

temperature measurement applications: 

e Suppresses large lead resistance changes 
(up to 5 ohms) 

e Suppresses variable lead resistances 
at null and when unbala 

e Suppresses unequal lead resistances 

e Trims out calibration differences 

e Multiple temperature ranges 

e Standardized 10 mv. DC output 

e Full line of auxiliary equipment 

This precision-made, plug-in unit per- 

mits convenient change of full-scale 

temperature and corrects known calibra- 

tion errors of sensor. Basic 10-channel 

unit provides 10 temperature ranges for 

each of 10 sensors. 


Write for Bulletin 86012 
® 


ROSEMOUNT 


ENGINEERING 
COMPANY 
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Increased technical re- 
sponsibilities in the field 
of range measurements 
have required the crea- 
tion of new positions at 
the Lincoln Laboratory. 
We invite —- from 
senior members of the 
scientific community in- 
terested in participating 
with us in solving prob- 
lems of the greatest ur- 
gency in the defense of 
the nation. 


RADIO PHYSICS 
and ASTRONOMY 


RE-ENTRY PHYSICS 


PENETRATION AIDS 
DEVELOPMENT 


TARGET 
IDENTIFICATION 
RESEARCH 


SYSTEMS: 
Space Surveillance 
Strategic Communications 
integrated Data Networks 
NEW RADAR 
TECHNIQUES 


SYSTEM ANALYSIS 
COMMUNICATIONS: 


Techniques 
Psychology 
Theory 


INFORMATION 
PROCESSING 


SOLID STATE 
Physics, Chemistry, 
and Metallurgy 








*A more complete descrip- 
tion of the Laboratory’s 
work will be sent to you 
upon request. 

All qualified applicants will receive con- 


sideration for employment without re- 
gard to race, color or national origin. 














Research and Development 


LINCOLN LABORATORY 


i +hbast 





of Technology 
BO0x 30 
LEXINGTON 73. MASSACHUSETTS 
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Now! A precision 
recorder —5 ways 

more versatile, _ 
easier to operate! 


e multiple chart speeds 

e push-button controls 

@ positive paper drive 

@ mounts on wail or bench 
e wide application range 


Here’s the Beckman Potentiometric 
Strip-Chart Recorder. Its standard 1” 
per minute chart speed is supple- 
mented by any of 12 internal or plug- 
in external accessory drive units —for 
speeds from 4” per minute to 6” per 
hour. Positive chart paper drive is as- 
sured by the recorder’s flexible belt 
chart drive mechanism. Pen response 
is 1.0 second full-scale. Pen zero can 
be set to any point throughout its 5” 
pen travel. An input voltage span con- 
tinuously adjustable between 10 and 
100 mv permits a wide range cf appli- 
cations: transmittance, absorbance, 
temperature, pH, frequency, heat, so- 
lution conductivity, pressure, strain, 





reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that been made in im- 
plementing this theory with hardware for 
second order and higher order systems. 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac- 
teristics of inertial navigators, guidance ra- 
dars, Doppler radar techniques, modern 
techniques in celestial navigation, and per- 
ceptive guidance systems. 65 cents. 

503—How to Determine Stream Analy- 
zet Dynamics, 8 pp. Package of two articles 
shows how analyzers can introduce dynamic 
errors, how to determine analyzer dynam- 
ics, and how to improve performance. The 
instrument used is a differential refractom- 
eter but techniques can be extrapolated to 
other types of analyzers. 40 cents. 

502—Survey of Dynamic Display Tech- 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard- 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 

(Continued on page 191) 
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speed, light sensitivity. Accessories in- | 


clude circular chart drive and external 
circuit controller. For full details, see 
your Beckman laboratory apparatus 
dealer or write direct for Data File 
46-10-21, 


sisted daatcla) INSTRUMENTS, INC. 


SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 


Fullerton, California 


CIRCLE 210 ON READER SERVICE CARD 


OCTOBER 1961 





Readouts 
darsy 


DISPLAY NUMBERS, WORDS, 
COLOR, and SYMBOLS 


Ideal for computers, electrical and 
electronic test equipment, control 
systems, and annunciation boards. 
Price complete from $18.00. Write 
today for complete detailed speci- 
fications and quantity prices. 


Iwousteiat Exsetrome Ensinters, tnc. 


5528 Vineland Ave., North Hollywood, Calif. 





PHOTOTRON 


Patt 
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FIRST IN 
NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile basic 
transducer offers incremental 
conversion of shaft angle to 
digital measurement. Available 
in seven models, its maximum 
permissible speeds range from 
15,000 rpm at 128 counts per 
revolution to 1,250 rpm at 
2,048 counts, with sample 
rates ranging to 45,000 counts 
per second. 


Applications for the Hydro-Aire 
Phototron include analog to 
digital shaft converters, pre- 
cision analog servo with digi- 
tal readout, data reduction 
equipment, tachometers, and 
precision measurement and 
control. 


Detailed specifications are 
available on request. Related 
products soon to be available 
from Hydro-Aire, a member of 
the Crane Co. Systems and 
Controls Group, will include 
associated power supplies and 
binary and digital counters. 


HYDROAIR 


DIVISION OF 


CRANE 


3000 WINONA AVE., BURBANK, CALIF. 


aia 





~ 
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NEW 


AUTO-BIN-DICATOR 


AUTOMATIC BIN LEVEL INDICATOR 
Aversatile addition to the Bin-Dicator 
line of bulk material level controls, 


EW corrosion-resistant 
. Votre 


construction 


NEW stainless steel 
diaphragm 


NEW super-sensitive 
operation 





Explosion-proof and 
general purpose medels 


listed by 
UL) Underwriters’ 
XS Laboratories, Inc. 


Prevents overflowing of bins, 
clogging of conveyors, chok- 
ing of elevators, damage to 
machinery; cuts operating 
costs. Provides simple, reliable, 
positive control at low cost. 


WRITE THE BIN-DICATOR CO. 
17190-F3 Denver * Detroit 24, Mich. 
*TM PATENT PENDING 


WE SELL DIRECT «+ PHONE ORDERS COLLECT 


for Bulletin AB-19 or call 
TUxedo 2-3000 
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DIGISYN’* 
PHOTOELECTRIC INCREMENTAL 
POSITION TRANSDUCERS 


Performance: 
@ Digital pulse output from rotary motion 
input 


@ Resolution to 262,000 counts per 
revolution 


@ Forward and backward rotation counts 
@ Provisions for zero reset 
@ Linear & Non-Linear functions 


Typical Applications: 
@ Precision machines — servo control 
@ Pulse tachometers 
@ Shaft position control and monitor 
@ Circle dividing 
@ Stable platform position monitor 


Up to 32,000- counts 
per revolution 


Y 


COMPLETE LINE OF DIRECT-READING BINARY AND 
ENCODERS AND ACCESSORY EQUIPMENTS ALSO AVAILABLE 


Write or call (Boston) COpley 7-8425 for further information 


? 
holier WAYNE-GEORGE 


(ADCON DIVISION) 


588 COMMONWEALTH AVENUE © BOSTON 19, MASS. 
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| . 
e mount’em! 
To your systems specifications 


On| Flexi-Card | 


Harman-Kardon’s new economical 
Digital Card Assembly 


Now, Harman-Kardon’s new flexi-card 
circuit assemblies bring logical versa- 
tility to logical circuits. Each Flexi- 
card is factory-assembled to your 
specific requirement quickly, and at 
competitive prices, for any of the thou- 
sands of combinations of digital logic 
you require, 


...And two new series of 
Encapsulated Logic Modules 


Completely compatible modules now 
available at 125°C. » 5 MC. « 250 KC. 


Send for complete details and... 
FREE guide to Boolean Algebra! 


Ep 
Data Systems Division 


INCORPORATED + PLAINVIEW, L.1., N.Y. 
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NOW YOU CAN BUY 


OFF THE SHELF! 
FOR IMMEDIATE 
SHIPMENT” 





transmitters (1HG, 1HG400, 5HG, 5HG400) | 
... angle transmission units for torque trans- 
mission and servo control systems. | 


receivers (1F, 1F400, 5F, 5F400) 

...used as receivers in torque transmission 
systems. Have shaft damping to prevent oscil- 
lation and overcome any tendency to spin. 


contro! transformers (1HCT) 

.-. produce an a-c voltage at the rotor termi- 
nais that depends on rotor shaft position and 
the voltages applied to windings. 


differential transmitters (1HDG, 5HDG) 

... “add in” other shaft positions when con- 
nected between transmitter and receiver or 
control transformer. 

Use Telesyn synchros for extremely accu- 
rate drives and indicators of position, 
pressure, flow or other synchro-transmit- 
ted information. 

A pioneer in the field of synchronous 
transmissions, Ford Instrument Company 
produces synchros of proven precision. 

* Available to meet MIL specs. 

*In sizes to meet a multiple of re- 

quirements. 

* For torque transmission and voltage 

indication. 


*Subject to prior sale. Ford inspection 7 days 


A.R.O. —Government inspection 12 days A.R.O. 
2 


FORD INSTRUMENT 
COMPANY 





Division of The Sperry Rand Corporation 
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Explains operation and gives practical ap- 
plication hints for six precision position 
transducers: pin-and-pawl mechanism, mag- 
netic bench-mark system, resolver-type 
transducer, electrostatic transducer, coded- 
disc devices, and diffraction gratings. 30 
cents. 

500—Ready Reference Data Files—I, 
Il, Il, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Conrron 
Encineerinc through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35, 

499—Ready Reference Data Files—III, 
28 pp. Includes the third dozen Data 
Files published in Conrrot ENGINEER- 
ING. Fopics range from control of metal 
properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza- 
tion of sampled data systems. 60 cents. 

498—Ready Reference Data Files—Il, 
24 pp. Includes the second dozen data 
files published in Controt ENGINEERING. 
Topics covered range from analyzing hy- 
draulic servos graphically to using silicon 
diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. Includes the first 12 data files 
published in Controt ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature- 


| measuring systems. Each shows how to | 


solve a particular problem. 50 cents. 


496—How to Specify Instrument Ac- | 
curacy, 8 pp. This basic reprint is aimed | 
at helping the user and maker to develop | 


clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of wable errors and pre- 
ferred test procedures. 40 cents. 
494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice. 
Eight simple rules make locus construc- 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, determine 
transient response, and use locus tech- 
niques with multiloop systems. 45 cents. 
489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome- 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
4 They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, tayratrons, and 
cryotrons, This covers a broad selection of 
multivibrator circuits. 45 cents. 

488—A Roundup of Control S 
Test Equipment, 24 pp. Sipecialized con- 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval- 
uating response, and 3) devices that only 


| evaluate control system response. 60 cents. 
31-10 Thomson Ave., Long Island City 1, N.Y. | 








The all-new, 
all solid-state 


Philbrick 
P2 amplifier 


NO TUBES, NO CHOPPERS, NOTH- 
ING BUT PERFORMANCE. An 
wre arrangement of all 
solid-state components endows 
this operational amplifier with 
the most remarkable and ver- 
satile characteristics. Full differ- 
ential input: truly floating with 
respect to ground. No common 
mode error. Low input current: 
typically 10-1 amps. Low 
noise: typically under 10 micro- 
volts in the de to 1 ke range. 
Sub millivolt long term stability: 
less than 100 microvolts drift 
per day. Cool running: typically 
under 330 milliwatt dissipation. 
Wide band pass: typically under 
75 ke as a unity gain follower. 
High open loop gain: typically 
30,000. Its output delivers 1 ma 
at + 10 volts. The cast alu- 
minum housing fits right in 
your hand. 

Use the P2 for instrumenta- 
tion, analog computation, and 
other applications requiring 
high reliability and accuracy. 
Take advantage of its differen- 
tial inputs to perform high 
impedance operations. 

Truly low mo 9 $21 0. 


SOLID STATE POWER SUPPLY 
PR 150. For e izing at least 
10 P2 amplifiers, the PR 150 has 
extremely low noise, drift, and 
internal impedance. Regula- 
tion against load, less than 300 
a provides up to 
50 ma at both plus and 
minus 15 on Price: $285. 
Please write for further information 
to: 








"PHILBRICK 


RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5375, TWX; BS 1032. FAX: BSN 
REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y, 
TEL. CHELSEA 3-5200, CABLE: TRILRUSH 
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ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 


This Qualification Form is designed to help you advance in the control 
industry. It is unique and compact. Designed with the assistance of 
professional personnel management, it isolates specific experience in 
instrumentation and deals only in essential background information. 


The advertisers listed here are seeking professional experience. Fill in 
the Qualification Form below. 





STRICTLY CONFIDENTIAL 


Your Qualification form will be handled as “Strictly Confidential.” Our 
processing system is such that your form will be forwarded within 24 
hours to the proper executives in the companies you select. You will 
be contacted at your home by the interested companies. 





WHAT TO DO 


. Review the positions in the advertisements. 

. Select those for which you qualify. 

. Notice the key numbers. 

. Circle the corresponding key number below the Qualification Form. 

. Fill out the form completely. PLEASE PRINT CLEARLY 

. Mail to: D. Hawksby, Classified Advertising Div., Control Engineering, 
Box 12, New York 36, N. Y. (No charge, of course). 


CONTROL ENGINEERING MONTHLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 


Personal Background 


COMPANY 


AMERICAN MACHINE & FOUNDRY CO. 
Springdale, Connecticut 
BENDIX CORPORATION 
Kansas City Division 
Kansas City, Missouri 
CORNELL ASSOCIATES, INC. 
Chicago, Illinois 
ESQUIRE PERSONNEL 
Chicago, Hlinois 
LEDGERWOOD, EDITOR, BYRON K. 
New York, New York 
LEEDS & NORTHROP COMPANY 
Philadelphia, Pennsylvania 
LOS ALAMOS SCIENTIFIC LABORATORY 
Los Alamos, New Mexico 
MINNEAPOLIS-HONEYWELL REGULATOR CO. 
Vaive Division 
Washington, Pennsylvania 
MOOG SERVOCONTROLS INC. 
Avrora, New York 
PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 
ey =~ DIVISION 
hiladeiphia, Pennsylvania 
wal WOOLDRIDGE 194 
Div. of arg <tr Wooldridge Inc. 
Canoga Park, California 
SANDIA CORPORATION 49" 
Albuquerque, New Mexico 
SELECT PERSONNEL AGENCY INC. 
New York, New York 
somegent AIRCRAFT 193 
Div. of United Aircraft Corp. 
Stratford, Connecticut 


266* 


*These advertisements appeared in the September issue. 


(cut here) 


Education 
PROFESSIONAL DEGREE(S) 
MAJOR(S) 





FIELDS OF EXPERIENCE (Please Check) 


[_] Aerospace Control [_] Guidance Systems 
[_] Components [_] Hydraulics 


[_] Pneumatics 
[_] Process Control 


[_] Computer Design 


[_] industrial Control 


[_] Process 


CATEGORY OF SPECIALIZATION 
Please indicate number of months 
experience on proper lines 


RESEARCH (pure, 
fundamental, basic) 


[] Computer Application [] Logic Design 

[__] Computer Programming [_] Machinery Control 
[| Control Theory [-] Man Machines 
[_] Data Communication [| Motor Control 
[_] Display [_] Nuclear 

[_] Electronic Cirevitry  [] Numerical Control 
[_] Flight instrumentation [7] Optics 


Instrumentation 
C] Servomechanisms 


[_] Simulation 

[_] Solid State Devices 
[_] Switching 

[_] Systems Analysis 





RESEARCH 
(Applied) 
SYSTEMS 

(New Concepts) 
DEVELOPMENT 
(Model) 

DESIGN 
(Product) 
MANUFACTURING 
(Product) 

FIELD 

(Service) 


SALES 
(Proposals & Products) 





CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU 
1234567891011 12 13 1415 16 17 18 19 20 
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EMPLOYMENT OPPORTUNITIES 


pioneer and leading manufacturer 
C of rotary wing aircraft 


= 
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___...at SIKORSKY 


electronic engineers 
can broaden their 
professional horizons 


in the field of 
helitronics 


Today, as Sikorsky Aircraft’s activities expand in significance and scope, 
particular emphasis is being directed to a sphere of activity which we term 
“helitronics’”, This area embraces a blending of two major technologies: heli- 
copters and electronics. Specifically, helitronics means the integration of guidance 
and navigation systems, specialized electronic search and detection equipment to 
enhance the mission capability of the helicopter; specialized sensors and auto- 
matic controls to increase its versatility as an optimum military weapon system 
and a commercial carrier. 

The need for more sophisticated electronic systems offers exceptional 
Opportunities to competent electronic engineers with particular skills in: 
design e¢ instrumentation @ test @ development e air-borne systems 
@ production and service support equipment e trainers and simulators. 

Unusually interesting openings as Avionics Instructors also exist for men 
with aircraft electronics experience and a desire to teach. 

If you are interested in these career opportunities, please submit your resume, 
including minimum salary requirements, to L. J. Shalvoy, Personnel Department. 


SIKORSKY AIRCRAFT connccncs: 


DIVISION OF UNITED AIRCRAFT CORPORATION 


All qualified applicants will receive consideration for employment without regard to race, creed, color or national origin. 
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How to get a computer to think it’s a one-man gang 


Most computers are pretty fussy about the kind of problems 
they are willing to handle, While it’s true that a “business” com- 
puter can be made to do “scientific” problems, and vice versa, 
every experienced computer user knows it’s no simple matter 
to get a machine to accept such a change of character grace- 
fully. Besides the fancy reprogramming involved, the computer 
is likely to be inefficient and uneconomical at solving problems 
it wasn’t designed for. 


From the user’s point of view, the “ideal” computer is a 
multiple-purpose machine that can be used efficiently in many 
different types of applications, and at no higher cost than a 
computer intended primarily for any one of these applications. 


From the programmer’s point of view, the “ideal” machine is 
one with a flexible set of instructions that can be easily manipu- 
lated to fit just about any kind of problem that comes along. 
Both programmer and designer are likely to agree that the most 
practical way to realize this “ideal” computer is by using the 
stored logic principle. 


AN/UYK-1 “Stored Logic” Multiple-Purpose Computer 


Stored logic concepts developed by Ramo-Wooldridge are being 
used in the AN/UYK-1, a low-price, multiple-purpose Navy 
computer intended for shipboard use. In the Ramo-Wooldridge 
approach, stored logic permits the user to select a word length, 
order structure and instruction repertoire especially suited to 
the problem at hand. These normally “wired in” characteristics 
are specified by data stored in the computer’s memory and may 
be changed during the normal loading procedure without hard- 
ware modification. 


The AN/UYK-1 “Stored Logic” Multiple-Purpose Computer 
takes its place alongside the RW-400 “Polymorphic” data proc- 
essing system as an outstanding example of the kind of 
advanced work in computer design which has characterized 
Ramo-Wooldridge over the past six years. If you have three 
or more years of professional experience, you are invited to 
inquire about immediate openings on Ramo-Wooldridge’s 
expanding technical staff. All qualified applicants will re- 
ceive consideration for employment without regard to race, 
creed, color or national origin. Address inquiries to Mr. 
R. L. Eddy at 


++ 
A 





RAMO-WOOLDRIDGE 





A DIVISION OF 


THOMPSON RAMO WOOLDRIDGE INC. 











8433 FALLBROOK AVENUE + CANOGA PARK, CALIFORNIA 
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Professional goa available for a graduate 
Mechanical Engineer with five years of ex- 
perience in grater! design of control elements, 
such as control valves, instruments, and re- 
lated mechanical, electrical and pneumatic 
equipment for use in existing or new systems. 


This is a Senior Development Engineering 
position — the | + carrying 
@ product from the idea stage to mt peenes 

tion release as a standard SF, This en- 
tails the analysis and resolution of broad 
problem areas of contro! systems and their 
use on manufacturing, commercial, and mili- 
tary processes. The individual selected will be 
responsible to _~ and conduct analytical 
and experimental studies of systems or control 
devices as well as to make initial cost esti- 
mates in early stages of projects and to co- 
ordinate final product cost estimates with 
Industrial Engineering. Previous experience 
which is especially desirable includes design 
of mechanical devices, piston operators, small 
pumps, servo feed-back devices or other com- 
parable mechanisms and equipment. 

If you are qualified and seriously interested 
in this growth opportunity, send a complete 
resume including education, accomplishments, 
and salary desired to: 


A. E. Stone, Director of Engineering 


MINNEAPOLIS-HONEYWELL 
REGULATOR COMPANY 


VALVE DIVISION 


Fort Washington, Pa. 
(15 miles from Philadelphia) 
AN EQUAL OPPORTUNITY EMPLOYER 








SPECIALIST CONTROL SYSTEMS 


$14,000 
tovestignte applications for control system, using 
analog and/or — computers, particularly for 
industrial applicat Company assumes all em- 
ployment expense. Contact in confidence. 
ESQUIRE PERSONNEL, INC. 
202 S. State St. Chicago 4, tll. 


CHALLENGING OPPORTUNITIES 
AT PERKIN-ELMER! 


Rapid growth of commercial instrument division has 
created a need for qualified Senior Engineers. 


These are permanent career opportunities that allow 
fullest utilization of engineering talents. 


Opening now exists in the following area: 


e PROCESS CONTROL 


Design process analytical instrumentation systems for on-stream 
composition monitoring and control by gas chromatography. 
Estimate, schedule and design system to customer specifications 
using selected standard and specially designed components for: 
sampling system, analysis sensing unit and readout system. Liaison 
with Product Development, Application Engineering, Marketing and 
Manufacturing functions. Requires degree, BSEE preferred, plus 
minimum of 3-5 years’ experience in the design and/or application 


of process: instrumentation. 


At Perkin-Elmer you will find a liberal fringe benefit 
program and excellent advancement opportunities. 


Please forward your resume to Howard M. Moran, 
Employment Manager 


Perkin-Elmer 


MAIN AVENUE, ROUTE 7 © NORWALK, CONNECTICUT 


An equal opportunity employer 


BUSINESS OPPORTUNITIES - EQUIPMENT - USED or RESALE 











EFFECTIVE 
ENGINEER 
RECRUITMENT 
ADVERTISING 
DEPENDS ON 
ENGINEERING 
READERSHIP 


Where your recruitment program calls 
for qualified engineers in the field of 
measurement and control and informa- 
tion systems, there is no more efficient 
method of reaching them than through 
the pages of the publication they pay 
fo read. 


7. s 
Control Engineering 
CLASSIFIED ADVERTISING DIVISION 
POST OFFICE BOX 12 
NEW YORK 36, N. Y. 








WANTED 
LICENSE TO MANUFACTURE 
IN THE UNITED KINGDOM 











Leading British Engineering Company in the 
field of PUMPING, FILTRATION, PRESSURE 
CONTROL and FLUID HANDLING EQUIP- 
MENT, seeks additional Manufacturing Li- 
censes for products suitable for general 
engineering, control systems and petrochem- 
ical industries. Excellent productive facilities 
and estcblished Sales Organization. Reply to: 


AMPOWER CORP., AGENTS 


50 BROAD STREET 
Whitehall 4-6975 NEW YORK 4, N. Y. 
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LOOKING FOR 
RELAYS? 


Turn to section 4500 
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FOR SALE 


-O01S5X* + .O30X* + .18X + 1 = © reduced to 
(.0224X" + .118X + 1) (.067X% + 1) = O in 
20 Seconds with the Cubic Solver Slide Chart. 
Reduce sonics: easy and quick to (AX? + BX 
+1) (CX + 1) = 0. Send $2.98. FS-7522, 
Control Eng. Classified Adv. Div., PO Box 12, 
New York 36, N. Y. 





MOVING? 
SEND FOR BOOKLET 


A free, 16-page booklet prepared by 
Burnham Van Service, Inc. can give you 
helpful, work-saving, cost-saving pointers 
on how to organize your move from city 
to city when you change jobs. How to 
prepare to move, tips on packing, a 
helpful inventory checklist of things to 
do are among the topics included. Write 
for your free copy. No obligation. 
Charles E. Swann, Burnham Van Service, 
Inc., 1634 Second Avenue, Columbus, 
Georgia. 
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LOOKING FOR 
TRANSISTORS? 


Turn to section 4800 
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LOOKING FOR 
DELAY LINES? 


Turn to section 2350 
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LOW COST /SILICON 


2N90 / 


ee BR RR ee 
Fairchild Industrial Transistor for 


e VHF AND IF AMPLIFIERS 
e OSCILLATORS 
e MIXERS AND CONVERTERS 


e HIGH SPEED SWITCHING CIRCUITS 


2 (aa 
FAST SWITCHING—HIGH FREQUENCY—200 mc GAIN BANDWIDTH 


First low cost, high frequency NPN silicon transistor A 2N957 APPLICATION: 

on the industrial market, the Fairchild 2N957 is 10.7 MC, STAGGERED, TRIPLE TUNED IF AMPLIFIER FOR F.M. 
rated at 0.8 watts (25°C case temperature ) and 0.3 
watts (100° C case temperature). Guaranteed param- 
eters include: BVcgo of 40 volts; BVcEo of 30 volts; 
BVeBo of 3.0 volts; minimum D.C. Beta of 45; mini- 
mum A.C. Beta at 1 mc of 40; maximum Cop of 
6.0 uzpf. 

The Fairchild 2N957 offers silicon performance 
higher reliability, broad temperature range, param- 
eter stability-at low cost. This enables you to build 
amplifiers, oscillators, mixers, converters, and 
switching circuits with silicon advantages at no price 
premium. Contact your Fairchild Distributor or sales 
office for off-the-shelf delivery. = = = 



































FAIRCHILD 


OC a 
SEMICONDUCTOR 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.- YORKSHIRE 8-816] - TWX: MN VW CAL 853 


A OIVISTON OF FAIREHILD CAMERA AND INSTRUMENT CORPORATION 


CIRCLE 193 ON READER SERVICE CARD 





ON & 


That’s the way it goes (“it” 
being the Ampex TM-2 digital 
tape handler). On.and on, 
with hardly a pause for main- 
tenance. Completely new 
servo and tape guide systems 
give the TM-2 extremely long 
term performance stability. 
Improved vacuum buffer col- 
umns gently hold the tape 
supply and take-up loops. 
Specially developed inertia 
brakes give reliable stop times 
and short stop distances at 
high tape speeds. Start time 
of 2.0 ms and stop time of 1.5 
ms are consistent under the 
most rigorous programs, And 
the TM-2 has a 90 Kilocycle 
character transfer rate. Why 
not send for all the facts: 
Ampex Computer Products 
Company, P.O. Box 329, 
Culver City, California. 


AMPEX 


AMPEXK COMPUTER PRODUCTS COMPANY 
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